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MYB Transcription Factors and Uses Thereof 

Field of the Invention 

The present invention relates to nucleic acids, which encode stress tolerance- 
related or stress sensitivity-related myloblastosis (MYB) polypeptides in plants. 

5 More particularly, the present invention relates to nucleic acids that encode MYB 
transcription factors or antisense molecules complementary to MYB transcription 
factors, preferably the following MYB transcription factors: MYB60, MYB74, 
' MYB75, and MYB90. The present invention also relates to the MYB polypeptides 
themselves, as well as to variants and antibodies thereof The invention further 

10 relates to uses of MYB transcription factors and to plants transformed by the nucleic 
acids. The invention also relates to transgenic plants containing the MYB nucleic 
acids in antisense orientation. 

Background of the Invention 

1 5 Plant stresses such as drought, high salt concentration and high and low 

temperature are some of the most important factors affecting plant distribution on 
the earth surface. Identification of genes involved in mechanisms through which 
plants adapt to adverse conditions is an important goal for future improvement of 
crop species in their tolerance to stress, such as dehydration. Some genes involved 

20 in water stress response present myloblastosis (MYB) recognition sites in their 
promoter regions MYB proteins are a class of transcription factors, identified in 
nearly all eukaryotes, sharing a common DNA binding domain. 
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The so-called MYB domain includes two or three imperfect repeats of 50-53 
amino acids (Rl, R2 and R3) and is well conserved between MYB proteins of 
animals, yeast and plants. Although there are plant MYB-like proteins containing 
only one repeat, the DNA binding domain encoded by most of the plant MYB genes 
5 is formed by two repeats, which are most similar to repeats R2 and R3 of the animal 
cMYB proteins. Thus, MYB-related proteins from plants generally contain two 
related helix-turn-helix motifs, the R2 and R3 repeats. It has been suggested that 
MYB genes play an important role in the regulation of secondary metabolism, the 
control of cell shape, disease resistance, and hormone responses. 

10 Land plants are exposed to many types of abiotic stress. One of these is 

dehydration, which can derive from drought, low temperature and high salt 
concentration in the soil. Because under those adverse environmental conditions 
plant growth and survival are seriously affected, series of mechanisms evolved to 
respond and adapt to osmotic stress. Under water-stress conditions plant cells lose 

1 5 water and decrease turgor pressure. The plant hormone abscisic acid (ABA) 

increases as a result of water stress. ABA plays an important role in the tolerance of 
plants to drought, high salinity and cold. Water deficit is a normal component of 
some developmental processes in plants, such as seed development, common to 
most higher plants. Such a water deficit results in changes in cell volume and 

20 membrane shape, disruption of water potential gradients and membrane integrity, 
protein denaturation and changes in osmolyte concentration. 

The ability of plants to survive cellular water deficit depends on the species 
and genotype, the length and severity of water loss, the age and stage of 
development and the organ and cell type. Responses to water deficit may occur 

25 within seconds, such as modifications in membrane potential and in the 

phosphorylation status of proteins, or within minutes and hours, such as changes in 
protein composition and gene expression. 

The first functionally characterized MYB proteins in plants, Cl and PI, 
control phenylpropanoid biosynthesis in maize. Others play a role in the regulation 

30 of cell shape or in tricomes and root hair differentiation. MYB genes are involved in 
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the plant response to chemical messengers such as salicylic acid and hormones or in 
the response to different external challenges and stimuli, such as light and biotic or 
abiotic stresses. In general, this family participates in the control of a widespread 
range of functions, related to plant growth, development and interactions with the 
5 environment. 

It has been estimated that the plant Arabidopsis thaliana contains more than 
1 00 R2R3-M YB genes. Information obtained from studying Arabidopsis can be 
applied to other flowering plants, such as those grown for fiber or food. For 
instance, once a gene has been discovered in Arabidopsis,, the equivalent gene may 

10 be found more easily in other plants. Thus, the function of many genes isolated 
from crop plants can be better understood by studying their Arabidopsis 
homologues. Thus, knowledge of Arabidopsis has led to a better understanding of 
all higher plants, and to the development of disease-resistant plants in other species. 
The characterization of transcription factors that control the coordinate 

1 5 expression of multiple genes involved in stress response is very important with 
respect to improving plant tolerance. 

Summary of the Invention 

This invention is based on the cloning of full length cDNA clones encoding 

20 MYB transcription factors that result in enhanced stress tolerance in plants. The 
present invention also relates to the role of certain MYB genes in the control of the 
flavonoid and phenylpropanoid pathways. The nucleotide sequences, antisense 
sequences and corresponding amino acid sequences are disclosed herein. 

The present invention relates to nucleic acid molecules that encode MYB 

25 transcription factors, complementary antisense nucleic acids, the MYB transcription 
factors themselves, and variants and antibodies thereof. Preferred MYB 
transcription factors according to the present invention are MYB60, MYB74, 
MYB75, and MYB 90. Certain MYB transcription factors are included in a journal 
article, "Towards functional characterisation of the members of the R2R3-MYB 

30 gene family from Arabidopsis thaliana" The Plant Journal, 1 6(2), 263-276 (1 998), 
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which is herein incorporated by reference in its entirety. The present invention also 
relates to uses of MYB transcription factors. Preferred uses include producing stress 
tolerant plants and in the case of antisense, producing stress sensitive plants that may 
preferably act as environmental monitors. The present invention further relates to 

5 plants transformed by vectors from such nucleic acid molecules. 

The present invention provides a method for genetic modification of plants to 
control the stress tolerance of plants, for example to drought, temperature and salt, or 
to increase the stress sensitivity of plants, such that they may be used as 
environmental monitors. 

I o In one aspect, the present invention is directed to nucleic acid molecules that 

comprise a sequence encoding a stress tolerance-related MYB transcription factor in 
a plant Preferably, the MYB transcription factor is selected from the group of 
MYB60, MYB74, MYB75 and MYB90. Even more preferably, the nucleic acid has 
a sequence that encodes one of SEQ ID NOs. 2, 4, 6 or 8. 

I 5 In another embodiment of the invention, the present invention is directed to 

an isolated nucleic acid molecule that has sequence that encodes a plant stress 
tolerance-related MYB transcription factor. Preferably the MYB transcription factor 
is one of the following transcription factors: MYB60, MYB74, MYB75 and 
MYB90. Even more preferably, the DNA molecule hybridizes under low stringency 

20 conditions with one of the following nucleic acid sequences SEQ ID NO: 1 , SEQ ID 
NO:3, SEQ ID NO 5 and SEQ ID NO:7 or a variant of the isolated nucleic acid 
molecule 

In another embodiment of the invention, there is provided a MYB 
polypeptide that is a plant stress tolerance-related MYB transcription factor. A 
25 preferred MYB polypeptide has the amino acid sequence of one of SEQ ID NOs: 2, 
4, 6 or 8, or is a variant thereof. Also encompassed by the present invention are 
variants and antibodies of the polypeptides of the present invention. 

The invention is further directed to a vector for transformation of plant cells. 
The invention also provides a plant cell transformed with the vector as 
30 described above, a plantlet, mature plant or seeds generated from such a cell, or a 
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plant part of such a plantiet or plant. Also provided is a method of producing a plant 
having enhanced stress tolerance, or in the case of antisense, producing a plant 
having increased sensitivity, by transforming the plant. Plants and seeds produced 
as described herein, or progeny, hybrids, clones or plant parts preferably exhibit 
5 increased stress tolerance or increased stress sensitivity. 

Further provided are methods for enhancing a plant's tolerance to stress, or 
in the case of antisense, increasing stress sensitivity, by transforming the plant with a 
vector described herein. 

The nucleic acids, polypeptides, variants, antibodies, seeds and plants of the 
10 present invention may also be useful as research tools. They should find broad 

applications in the generation of transgenic plants with enhanced tolerance to stress 
and enhanced sensitivity to stress. 

Brief Description of the Drawings 
1 5 Figure. 1 shows a cDNA sequence encoding a AtMYB60 polypeptide (SEQ 

ID NO: 1), as well as the corresponding amino acid sequence (SEQ ED NO:2). 

Figure 2 shows a cDNA sequence encoding a AtMYB74 polypeptide (SEQ 
ID NO:3), as well as the corresponding amino acid sequence (SEQ ID NO:4). 

Figure 3 A shows a cDNA sequence encoding a AtMYB75 polypeptide (SEQ 
20 IDNO:5). 

Figure 3B shows an amino acid sequence (SEQ ID NO:6) of an AtMYB75 
polypeptide. 

Figure 4 shows a cDNA sequence encoding a AtMYB90 polypeptide (SEQ 
ID NO:7), as well as a corresponding amino acid sequence (SEQ ID NO:8). 
25 Figure 5 shows an RT-PCR analysis of AtP5CSl. 

Figure 6 shows an RT-PCR analysis of RD22. 

Figure 7 shows an RT-PCR analysis of erdlO. 

Figure 8 shows an RT-PCR analysis of ADHI 

Figure 9 shows an RT-PCR analysis of AtMYB74. 
30 Figure 10 shows an RT-PCR analysis of AtMYB75. 

5 
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Figure 1 1 shows the expression patterns of AtMYB75, AtMYB74, ERD10, 
ADH1, P5CS1, and RD22, following treatment with PEG 30% and COLD 4°C. 

Figure 12 shows an RT-PCR analysis of AtMYB90. 

Figure 13 shows an RT-PCR analysis of AtMYB60. 
5 Figure 1 4 shows the expression patterns of AtMYB74, ADH1, P5CS1 , 

ERD10, RD22e, and AtMYB60, following treatment with ABA lOO^iM 

Figure 1 5 shows a comparison between the expression of MYB75 and 
MYB90 genes and structural genes of the phenylpropanoid pathway after light 
treatments. Specifically, Figure 15 shows MYB75 and MYB90 expression patterns 
10 in response to white, blue, UV-A and UV-B light. 

Figure 16 shows a metabolic pathway of phenylpropanoid and how MYB75 
and MYB90 are believed to be involved in the pathway. 

Detailed Description 

1 5 Identification of genes involved in mechanisms through which plants adapt 

to adverse conditions such as drought causing conditions, may improve crop species 
in their tolerance to stress, such as dehydration and high salt conditions, and may 
thus, increase the yield of a crop. Some genes involved in water stress response 
present MYB recognition sites in their promoter regions. MYB proteins are a class 

20 of transcription factors, identified in nearly all eukaryotes, sharing a common DNA 
binding domain that is highly conserved in all eukaryotes. The binding domain 
consists of different repeats of a helix-turn-helix motif. In animals these factors 
represent a small gene family involved in the control of cell proliferation and in the 
prevention of apoptosis. In plants these proteins form the biggest regulatory family 

25 so far known, with more than 100 members identified in Arahidopsis lhaliana, 
whose functions remain mainly unknown. 

Applicants have identified certain MYB genes, including MYB60, MYB74, 
MYB75 and MYB90, which are particularly useful with regard to manipulation of 
stress tolerance and stress sensitivity in plants. The expression of certain genes 
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(erc/JO, rd22 t ADHI and AiPSCSI) known to be involved in osmotic stress response 
are also described herein. 

Full length cDNA sequences encoding MYB transcription factors relating to 
stress tolerance have been isolated by reverse transcriptase mediated polymerase 
5 chain reaction (RT-PCR). These sequences are provided herein. 

Additionally, Applicants believe that the MYB75 and MYB90 genes are 
involved in the control of the flavonoid and anthocyanin pathways, that MYB74 is a 
transcription factor that is activated during stress, and the MYB60 is a transcription 
factor that is repressed during stress. 

10 

Definitions 

As used herein, the term "plant" refers to either a whole plant, a plant part, a 
plant cell or a group of plant cells or progeny of any thereof This term includes, but 
is not limited to, whole plants, plant parts, plant cells, plant organs, plant seeds, plant 

1 5 progeny, propagules, protoplasts, callus, cell cultures and any groups of plant cells 
organized into structural and/or functional units. The type of plant which can be 
used in the methods of the invention is not limited and includes, for example, 
ethylene-sensitive and ethylene-insensitive plants; fruit bearing plants such as 
apricots, apples, oranges, bananas, grapefruit, pears, tomatoes, strawberries, 

20 avocados, etc , vegetables such as carrots, peas, lettuce, cabbage, turnips, potatoes, 
broccoli, asparagus, etc , flowers such as carnations, roses, mums, etc.; agronomic 
crops such as corn, rice, soybean, alfalfa and the like; and in general, any plant that 
can take up and express the DNA molecules of the present invention. It may include 
plants of a variety of ploidy levels, including haploid, diploid, tetraploid and 

25 polyploid. The plant may be either a monocot or dicot. 

The term "plant" also includes tissue of a plant in planta or in culture. Plant 
parts include, but are not limited to, leaves, stems, roots, and flowers. Plant cell 
progeny should be understood as referring to any cell or tissue derived from plant 
cells including callus; plants; plant seed; pollen; plant embryos; and plant parts such 

30 as stems, roots, fruits, leaves or flowers. Propagules should be understood as 
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referring to any plant tissue capable of being sexually or asexually propagated, or 
being propagated in vivo or in vitro. Such propagules preferably consist of the 
protoplasts, cells, calli, tissues, embiyos or seeds of the regenerated plants. The use 
of the term "plant" in conjunction with, or in the absence of, any specific type of 
5 plant as listed above or otherwise embraced by this definition is not intended to be 
exclusive of any other type of plant, plant part or progeny thereof 

The term "transgenic" refers to organisms (plants or animals) into which new 
DNA sequences are integrated. A "transgenic plant" is defined herein as a plant 
which is genetically modified in some way, including but not limited to a plant 

10 which has incorporated heterologous or homologous stress tolerance-related nucleic 
acid molecule, such as DNA or modified DNA, into its genome. The altered genetic 
material may encode a protein or antisense molecule, for example. A "transgene" or 
"transgenic sequence" is defined as a foreign gene or partial sequence which has 
been incorporated into a transgenic plant. 

1 5 The term "hybridization" as used herein is generally used to mean 

hybridization of nucleic acids at appropriate conditions of stringency as would be 
readily evident to those skilled in the art depending upon the nature of the probe 
sequence and target sequences. Conditions of hybridization and washing are well 
known in the art, and the adjustment of conditions depending upon the desired; 

20 stringency by varying incubation time, temperature and/or ionic strength of the 

solution are readily accomplished. See, for example, Sambrook, J. et al., Molecular 
Cloning: A Laboratory Manual, 2nd edition, Cold Spring Harbor Press, Cold Spring 
Harbor, New York, 1989. The choice of conditions is partly dictated by the length 
of the sequences being hybridized, in particular, the length of the probe sequence, 

25 the relative G-C content of the nucleic acids and the amount of mismatches to be 
permitted. Low stringency conditions are preferred when partial hybridization 
between strands that have lesser degrees of complementarity is desired. When 
perfect or near perfect complementarity is desired, high stringency conditions are 
preferred. For typical high stringency conditions, the hybridization solution contains 

30 6X S.S.C., 0.01 M EDTA, IX Denhardt's solution and 0.5% SDS. Hybridization is 

8 
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carried out at about 68 °C for about 3 to 4 hours for fragments of cloned DNA and 
for about 12 to about 16 hours for total eukaryotic DNA. For lower stringencies the 
temperature of hybridization is reduced to about 42°C below the melting 
temperature (Tm) of the duplex. The T M is known to be a function of the G-C 
5 content and duplex length as well as the ionic strength of the solution. 

"High stringency conditions" should be understood to be those conditions 
normally used by one of skill in the art to establish at least about a 90% sequence 
identity between complementary pieces of DNA or DNA and RNA Lesser sequence 
identity, such as at least about 50% sequence identity or preferably at least about 

1 0 70% may also be desired and obtained by varying the hybridization conditions such 
that the conditions are "low stringency conditions". 

As used herein, the term "substantial sequence identity" or "substantial 
homology" is used to indicate that a nucleotide sequence or an amino acid sequence 
exhibits substantial structural or functional equivalence with another nucleotide or 

1 5 amino acid sequence. Any structural or functional differences between sequences 
having substantial sequence identity or substantial homology will be de minimis; 
that is, they will not affect the ability of the sequence to function as indicated in the 
desired application. Differences may be due to inherent variations in codon usage 
among different species, for example. Structural differences are considered de 

20 minimis if there is a significant amount of sequence overlap or similarity between 

two or more different sequences or if the different sequences exhibit similar physical 
characteristics even if the sequences differ in length or structure. Such 
characteristics include, for example, ability to hybridize under defined conditions, or 
in the case of proteins, immunological crossreactivity, similar enzymatic activity, 

25 etc. For example, DNA or amino acid sequences having substantial sequence 
identity may share about 50% to about 100% sequence identity, preferably about 
65% to about 99% sequence identity, and most preferably about 70% to about 99% 
sequence identity. Sequence identity determinations can be performed for example, 
using the FASTA program (Genetics Computer Group Madison, Wis.). 

30 Alternatively, identity similarity determinations can be performed using BLASTP 

9 
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(Basic Local Alignment Search Tool) of the Experimental GENINFO Blast Network 
Service. See also Pasternak, et al. Methods in Plant Molecular Biology and 
Biotechnology, Glick, et al. (eds), pages 251-267 (CRC Press, 1993). Sequence 
identity also includes a relationship wherein one or several subsequences of 
5 nucleotides or amino acids are missing, or subsequences with additional nucleotides 
or amino acids are interdispersed. 

The minimal amount of sequence identity required by the present invention 
is that sufficient to result in sufficient complementarity to provide recognition of the 
specific target RNA or DN A and in the case of antisense molecules inhibition or 

10 reduction of its transcription, translation or function while not affecting function of 
other RNA or DNA molecules and the expression of other genes. 

Additionally, two nucleotide sequences are "substantially complementary" if 
the sequences have at least about 50 percent, more preferably, at least about 70 
percent and most preferably at least about 90 percent sequence similarity between 

1 5 them. Two amino acid sequences have a substantial sequence identity if they have 
at least about 50%, preferably about 70% or more similarity between the active 
portions of the polypeptides. 

The term "functional derivative" of a nucleic acid (or poly- or 
oligonucleotide) is used herein to mean a fragment, variant, homolog, or analog of 

20 the gene or nucleotide sequence encoding a stress tolerance-related MYB 

transcription factor. A functional derivative may retain at least a portion of the 
function of the stress tolerance-related encoding DNA which permits its utility in 
accordance with the invention. 

A "fragment" of the gene or DNA sequence refers to any subset of the 

25 molecule, e.g., a shorter polynucleotide or oligonucleotide of an amino acid or 

nucleotide sequence that retains some desired chemical or biological property of the 
full-length sequence such that use of the full-length sequence is not necessary to 
achieve the desired purpose. A "variant" refers to a molecule substantially similar to 
either the entire gene or a fragment thereof, such as a nucleotide substitution variant 

30 having one or more substituted nucleotides, but which maintains the ability to 

10 



0132002A1 I > 



WO 01/32002 PO7US00/30503 

hybridize with the particular gene or to encode mRNA transcript which hybridizes 
with the native DNA. 

A "homolog" refers to a fragment or variant sequence from a different plant 
genus or species. An "analog" refers to a non-natural molecule substantially similar 
5 to or functioning in relation to either the entire molecule, a variant or a fragment 
thereof 

The term "operably linked" refers to components of a chimeric gene or an 
expression cassette that function as a unit to express a heterologous protein. For 
example, a promoter operably linked to a heterologous DNA, which encodes a 

1 0 protein, promotes the production of 

functional mRNA corresponding to the heterologous DNA. 

"Functional derivatives" of the stress tolerance-related MYB polypeptides as 
described herein are fragments, variants, analogs, or chemical derivatives of stress 
tolerance-related MYB polypeptides, which retain at least a portion of the stress 

15 tolerance-related or immunological cross reactivity with an antibody specific for 
MYB. A fragment of the stress tolerance-related MYB polypeptide refers to any 
subset of the molecule. Variant peptides may be made by direct chemical synthesis, 
for example, using methods well known in the art. An analog of stress tolerance- 
related polypeptide refers to a non-natural protein substantially similar to either the 

20 entire protein or a fragment thereof Chemical derivatives of a stress tolerance- 
related MYB polypeptide contain additional chemical moieties not normally a part 
of the peptide or peptide fragment. Modifications may be introduced into the stress 
tolerance-related MYB peptide or fragment thereof, for example, by reacting 
targeted amino acid residues of the peptide with an organic derivatizing agent that is 

25 capable of reacting with selected side chains or terminal residues. 

A "chimeric" sequence or gene is a DNA sequence containing at least two 
heterologous parts, e.g., parts derived from naturally occurring DNA sequences 
which are not associated in their naturally occurring states, or containing at least one 
part that is of synthetic origin and not found in nature. 

11 
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With reference to nucleic acids of the invention, the term "isolated nucleic 
acid M is sometimes used. This term, when applied to DNA, refers to a DNA 
molecule that is substantially separated from other nucleic acid sequences found in 
the cell. For example, the "isolated nucleic acid" may comprise a DNA molecule 
5 inserted into a vector, such as a plasmid or virus vector, or integrated into the 
genomic DNA of a procaryote or eucaryote. Recombinant plasmids or vectors 
containing novel MYB genes that may be propagated in for example, E. coli y S. 
cerevisiae and Agr obacteria are contemplated for use in the present invention. These 
vectors may optionally contain strong constitutive promoter elements to facilitate 

10 high expression of the MYB genes of the invention. Alternatively, they may contain 
inducible promoter elements so that expression of the MYB genes of the invention 
can be controlled by addition of an inducer compound. 

With respect to RNA molecules of the invention, the term "isolated nucleic 
acid" primarily refers to an RNA molecule encoded by an isolated DNA molecule as 

I 5 defined above. Alternatively, the term may refer to an RNA molecule that has been 
sufficiently separated from RNA molecules with which it would be associated in its 
natural state (i.e., in cells or tissues), such that it exists in a "substantially pure" 
form. 

A "substantially pure" nucleic acid sequence is defined herein as a DNA or 
20 RNA molecule (sequence) isolated in substantially pure form from a natural or non- 
natural source. Such a molecule may occur in a natural system, for example, in 
bacteria, viruses or in plant or animal cells, or may be provided, for example, by 
synthetic means or as a cDNA. Substantially pure DNA or RNA sequences are 
typically isolated in the context of a cloning vector. "Substantially pure" means that 
25 DNA or RNA molecules other than the ones intended are present only in marginal 
amounts, for example less than 5%, less than 1%, or preferably less than 0.1%. 
Substantially pure DNA or RNA sequences and vectors containing may be, and 
typically are, provided in solution, for example in aqueous solution containing 
buffers or in the usual culture media. 
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Nucleic acid molecules of the present invention may be single stranded or 
double stranded or may be a DNA or RNA, or hybrids thereof. 

Nucleic Acid Molecules 

5 The present invention relates to a compound comprising a nucleic acid 

molecule that encodes a MYB transcription factor or is complementary to at least a 
portion of a MYB gene. The MYB transcription factor may be a stress tolerance- 
related MYB polypeptide. Preferred MYB transcription factors that are encoded by 
the nucleic acid molecule of the present invention are MYB60, MYB74, MYB75, 

1 0 and MYB90 polypeptides. Preferably the nucleic acid is DNA that encodes an 

amino acid sequence having SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ 
ID NO:8. A preferred embodiment of the present invention includes nucleic acid 
molecules that encode a MYB transcription factor, which shares about 50% to about 
100% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ 

1 5 ID NO:8. More preferably, the nucleic acid molecules encode a MYB transcription 
factor, which shares about 65% to about 99% sequence identity with SEQ ID NO:2, 
SEQ ID NO:4, SEQ ID NO:6, or SEQ ID NO:8 Most preferably, the nucleic acid 
molecules encode a MYB transcription factor, which shares about 70% to about 
99% sequence identity with SEQ ED NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ 

20 IDNO:8. 

Also encompassed by the present invention are isolated nucleic acid 
molecules having a sequence that encodes a plant stress tolerance-related MYB 
transcription factor. Preferably the MYB transcription factor is one of the following 
transcription factors: MYB60, MYB74, MYB75 and MYB90. Even more 
25 preferably, the DNA molecule hybridizes under low stringency conditions with one 
of the following nucleotide sequences: SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5 
and SEQ ID NO: 7 or a functional derivative or variant of the isolated nucleic acid 
molecule. 

In a preferred embodiment of the invention, isolated nucleic acid molecules 
30 encompassed by the present invention are those that encode a MYB transcription 
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factor, which shares about 50% to about 100% sequence identity with SEQ ID 
NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ ED NO:8. More preferably, the DNA 
molecules encode a MYB transcription factor, which shares about 65% to about 
99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ 
5 ID NO:8. Most preferably, the DNA molecules encode a MYB transcription factor, 
which shares about 70% to about 99% sequence identity with SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6, or SEQ ID NO:8. 

An aspect of the present invention disclosed herein provides for novel cDNA 
clones coding for MYB polypeptides. These cDNAs, or their genomic counterparts, 

10 or DNA molecules with substantial sequence identity to either, can be engineered for 
expression of the encoded MYB polypeptides and transformed into plants that have 
enhanced stress tolerance or, in the case of antisense, plants that are stress sensitive, 
as described herein. 

MYB encoding nucleic acid molecules of the invention include cDNA, 

15 genomic DNA, RNA, and fragments thereof which may be single- or double- 
stranded. Thus, this invention provides oligonucleotides having sequences capable 
of hybridizing with at least one sequence of a nucleic acid molecule of the present 
invention, such as selected segments of the cDNA having SEQ ID NO: 1, SEQ ID 
NO:3, SEQ ID NO:5 or SEQ ID NO:7. Such oligonucleotides are useful as probes 

20 for detecting or isolating MYB genes in other plant species. 

Also provided herein are compounds comprising antisense nucleic acid 
molecules encoding an RNA molecule which is complementary to at least a portion 
of an RNA transcript of the DNA molecule described herein above, wherein the 
encoded RNA molecule hybridizes with the RNA transcript such that expression the 

25 MYB transcription factor is altered. The antisense nucleic acid molecule can be full 
length or only a portion of the nucleic acid sequence. 

The antisense nucleic acid molecule is substantially homologous to at least a 
portion of a DNA molecule encoding a MYB transcription factor. In a preferred 
embodiment, the DNA molecule encoding a MYB transcription factor hybridizes 

30 with SEQ ID NO: 1 , SEQ ID NO:3, SEQ ID NO:5, or SEQ ID NO:7, or is 
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substantially homologous to at least a portion of an RNA sequence encoded by the 
DNA molecule encoding a MYB transcription factor. In one embodiment of the 
invention, the antisense nucleic acid molecule is substantially homologous to at least 
a portion of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, or SEQ ID NO:7, or the 
5 RNA transcript encoded by SEQ ID NO l, SEQ ED NO:3, SEQ ID NO:5, or SEQ ID 
NO:7. In another embodiment, the antisense nucleic acid molecule is substantially 
homologous to at least a portion of the 5' non-coding portion of a DNA molecule 
encoding a MYB transcription factor, wherein the DNA molecule hybridizes with 
SEQ ID NO: 1 SEQ ID NO:3, SEQ ID NO:5, or SEQ ID NO 7 

10 Antisense oligonucleotides are preferably at least about six nucleotides in 

length to provide minimal specificity of hybridization and may be complementary to 
DNA or mRNA encoding a MYB transcription factor or a portion thereof. The 
antisense oligonucleotide may extend in length up to and beyond the full coding 
sequence for which it is antisense. The antisense oligonucleotides can be DNA or 

1 5 RNA or chimeric mixtures or derivatives or modified versions thereof, single 
stranded or double stranded. 

The action of the antisense oligonucleotide may result in alteration, primarily 
inhibition, of MYB expression in cells. For a general discussion of antisense see: 
Alberts, et al., Molecular Biology of the Cell, 2nd ed., Garland Publishing, Inc. New 

20 York, New York ,1989 (in particular pages 195-196, incorporated herein by 
reference). 

The antisense oligonucleotide may be complementary to any portion of the 
MYB gene In one embodiment, the antisense oligonucleotide may be between 6 
and 100 nucleotides in length, and may be complementary to the 5'-non-coding 
25 sequence of the senescence-induced DHS sequence, for example. Antisense 

oligonucleotides primarily complementary to 5'-non-coding sequences are known to 
be effective inhibitors of expression of genes encoding transcription factors. 
Branch, M.A., Molec. Cell Biol., 13:4284-4290 (1993). 

Preferred antisense nucleotides are substantially homologous to a portion of 
30 the mRNA encoding MYB transcription factors. For example, introduction of the 

15 
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full length cDNA clone encoding MYB transcription factors in an antisense 
orientation into a plant is expected to result in successful altered MYB gene 
expression. Moreover, introduction of partial sequences, targeted to specific 
portions of the MYB gene, can be equally effective. 
5 The minimal amount of homology required by the present invention is that 

sufficient to result in sufficient complementarity to provide recognition of the 
specific target RNA or DNA and inhibition or reduction of its translation or function 
while not affecting function of other RNA or DNA molecules and the expression of 
other genes. While the antisense oligonucleotides of the invention comprise 

1 0 sequences complementary to at least a portion of an RNA transcript of the MYB 
gene, absolute complementarity, although preferred is not required. The ability to 
hybridize may depend on the length of the antisense oligonucleotide and the degree 
of complementarity. Generally, the longer the hybridizing nucleic acid, the more 
base mismatches with the MYB target sequence it may contain and still form a 

1 5 stable duplex. One skilled in the art can ascertain a tolerable degree of mismatch by 
use of standard procedures to determine the melting temperature of the hybridized 
complex, for example 

Also encompassed by the present invention are nucleic acid molecules (sense 
and antisense) that may be modified at the sugar, base or phosphate. Those in the art 

20 will recognize that one or more bases in a nucleotide sequence may be modified 
chemically (abasic, base, sugar and/or phosphate modifications) or replaced with 
another base without significant effect. Modified bases may include for example, 
synthetic and natural nucleobases such as 5-methylcytosine (5-me-C), 5- 
hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and 

25 other alkyl derivatives of adenine and guanine, 2-propyl and other alkyl derivatives 
of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil 
and cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5- 
uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl 
and other 8-substituted adenines and guanines, 5-halo particularly 5-bromo, 5- 

30 trifluoromethyi and other 5-substituted uracils and cytosines, 7-methyIguanine and 
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7-methyladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7- 
deazaadenine and 3-deazaguanine and 3-deazaadenine. 

Recombinant Vectors 

5 The present invention is further directed to a recombinant vector from any of 

the nucleic acid molecules encoding the MYB transcription factors described above 
and to a recombinant vector from any of the antisense nucleic acid molecules 
described above. 

Vectors are recombinant DNA sequences which may be used for isolation 

10 and multiplication purposes of the mentioned DNA sequence and for the 

transformation of suitable hosts with these sequences. A vector may be a plasmid, 
cosmid, bacteriophage, virus or any other replicating nucleic acid that has the 
capability of replicating autonomously in a host cell. Preferred vectors for isolation 
and multiplication are plasmids which can be propagated in a suitable host 

15 microorganism, for example in E. colL Many vectors have been described in the art 
which are suitable for use as starting materials in the present invention. 

The insertion of an appropriate sequence, which is capable of transcription, 
into such an intermediate vector results in a vector from a chimeric DNA sequence 
of the invention that can then be used to transform the desired plant. Alternatively, a 

20 chimeric DNA sequence can be prepared and inserted into a suitable vector which is 
then used to transform the desired plant. 

Vectors of the present invention can be constructed by recombinant DNA 
technology methods that are standard in the art. For example, the vector may be a 
plasmid containing a replication system functional in Agrobaclerium. Plasmids that 

25 are capable of replicating in Agrobacterhtm are well known in the art. See, Miki, et 
al., Procedures for Introducing Foreign DNA Into Plants, Methods in Plant 
Molecular Biology and Biotechnology,, Eds. B R. Glick and J.E. Thompson. CRC 
Press (1993), PP. 67-83. 

With regard to antisense nucleic acid molecules, the recombinant vectors for 

30 transformation of plant cells, include (a) an antisense nucleic acid molecule 

17 



BNSDOCID: <WO 0132002A1 .l_> 



WO 01/32002 1 1 ( ' PCTAJS00/30503 

substantially homologous to (1) at least a portion of a DNA molecule encoding a 
MYB transcription factor, such as MYB60, MYB74, MYB75 and MYB90, or (2) at 
least a portion of an RNA sequence encoded by the DNA molecule encoding such a 
MYB transcription factor; and (b) regulatory sequences operatively linked to the 

5 antisense nucleic acid molecule such that the nucleic acid molecule is expressed in a 
plant cell into which it is transformed. 

A polynucleotide sequence (DNA, RNA) is "operatively linked" to an 
expression control sequence when the expression control sequence controls and 
regulates the transcription and translation of that polynucleotide sequence. The term 

1 0 "operatively linked" includes having an appropriate start signal (e.g., ATG) in front 
of the polynucleotide sequence to be expressed and maintaining the correct reading 
frame to permit expression of the polynucleotide sequence under the control of the 
expression control sequence and production of the desired sequence. 

15 Polypeptides 

Also encompassed by the present invention are stress tolerance-related MYB 
transcription factors. Preferred MYB transcription factors of the present invention 
are MYB60, MYB74, MYB75, and MYB 90. In a most preferred embodiment of 
this aspect of the invention, the MYB transcription factor has an amino acid 
20 sequence selected from SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ ID 
NO:8. 

In another preferred embodiment of the invention, the MYB transcription 
factor shares about 50% to about 100% sequence identity with SEQ ID N0 2, SEQ 
ID NO:4, SEQ ID NO:6 or SEQ ID NO:8. More preferably, the MYB transcription 
25 factor shares about 65% to about 99% sequence identity with SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO. 6, or SEQ ID NO:8 Most preferably, the MYB transcription 
factor shares about 70% to about 99% sequence identity with SEQ ID NO:2, SEQ 
ID NO 4, SEQ ID NO:6, or SEQ ID NO:8. 
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Antibodies 

According to another aspect of the invention, antibodies immunologically 
specific for the polypeptides described hereinabove are provided. Such antibodies 
include antibodies of plant MYB polypeptides. Preferably, the antibody is an 
5 antibody of a MYB transcription factor. The antibody is more preferably an 

antibody of MYB60, MYB 74, MYB75 or MYB90. In a most preferred embodiment 
of this aspect of the invention, the antibody is an antibody of a MYB transcription 
factor having an amino acid sequence selected from SEQ ID NO:2, SEQ ID NO:4, 
SEQ ID NO:6, or SEQ ID NO:8. 

10 The present invention also provides antibodies, monoclonal or polyclonal, 

capable of immunospecifically binding to MYB proteins of the invention. 
Polyclonal antibodies directed toward plant stress tolerance-related MYB 
transcription factors may be prepared according to standard methods. In a preferred 
embodiment, monoclonal antibodies are prepared, which react immunospecifically 

1 5 with various epitopes of MYB transcription factors. Monoclonal antibodies may be 
prepared according to general methods of Kohler and Milstein, following standard 
protocols. Polyclonal or monoclonal antibodies that immunospecifically interact 
with MYB transcription factors can be utilized for identifying and purifying such 
proteins. For example, antibodies may be utilized for affinity separation of proteins 

20 with which they immunospecifically interact. Antibodies may also be used to 
immunoprecipitate proteins from a sample containing a mixture of proteins and 
other biological molecules. 

With respect to antibodies of the invention, the term "immunologically 
specific" refers to antibodies that recognize and bind to one or more epitopes of a 

25 polypeptide of interest (for example, MYB60), but which do not immunospecifically 
recognize and bind other molecules in a sample containing a mixed population of 
antigenic biological molecules. 
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Variants 

Also encompassed by the scope of the present invention are variants of plant 
MYB transcription factors. Preferably, the variants of the MYB polypeptides are 
variants of MYB60, MYB74, MYB75, and MYB 90. 
5 Variant nucleic acid and amino acid sequences of the present invention 

preferably are at least about 80% identical, most preferably at least about 99% 
identical, to a native sequence such as the native nucleic acid sequences of SEQ ID 
NOs: 1 , 3, 5 and 7, and the native amino acid sequences of SEQ ED Nos: 2, 4, 6 and 
8. Most preferred are substantially pure DNA sequences as shown in SEQ DD 

10 NOs: 1, 3, 5 and 7, and substantially pure DNA sequences having substantial 

sequence identity to the sequences shown in SEQ ID NOs:l, 3, 5 and 7 (see Figures 
1-4). Most preferred amino acid sequences are substantially pure amino acid 
sequences as shown in SEQ IDNOs:2, 4, 6 and 8 and DNA sequences having 
substantial sequence identity to the sequences shown in SEQ ID NOs: 1, 3, 5 and 7. 

1 5 For fragments, the percent identity is calculated for that portion of a native sequence 
that is present in the fragment. 

Variants of MYB transcription factors may also include those that share 
about 50% to about 100% sequence identity with SEQ ID NO:2, SEQ ID NO 4, 
SEQ ID NO:6, or SEQ ID NO:8. More preferably, the MYB transcription factor 

20 shares about 65% to about 99% sequence identity with SEQ ID NO:2, SEQ ID 
NO:4, SEQ ID NO:6, or SEQ ID NO:8. Most preferably, the MYB transcription 
factor shares about 70% to about 99% sequence identity with SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6, or SEQ ID NO:8. 

Variants may comprise conservatively substituted sequences, that is a given 

25 amino acid residue may be replaced by a residue having similar physiochemical 
characteristics. Examples of conservative substitutions include substitution of one 
aliphatic residue for another, such as He, Val, Leu, or Ala for one another, or 
substitutions of one polar residue for another, such as between Lys and Arg; Glu and 
Asp, or Gin and Asn. Other such conservative substitutions, for example, 

20 
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substitutions of entire regions having similar hydrophobicity characteristics, are 
known by those skilled in the art. 

Alterations of the native amino acid sequence may be accomplished by any 
of a number of known techniques. Mutations can be introduced at particular loci by 
5 synthesizing oligonucleotides containing a mutant sequence, flanked by restriction 
sites enabling ligation to fragments of the native sequence. Following ligation, the 
resulting reconstructed sequence encodes an analog having the desired amino acid 
incorporation, substitution, or deletion. 



10 invention. Examples of such variants are polypeptides that result from alternative 
mRNA splicing events or from proteolytic cleavage of the MYB proteins of the 
present application, wherein the MYB-binding property is retained. Alternative 
splicing of mRNA may yield a truncated but biologically active MYB polypeptide, 
such as a naturally occurring soluble form of the protein, for example. Variations 

1 5 attributable to proteolysis include, for example, differences in the amino or carboxyl 
termini upon expression in different types of host cells, due to proteolytic removal of 
one or more terminal amino acids from the various MYB proteins. 

Due to the known degeneracy of the genetic code wherein more than one 
codon can encode the same amino acid, a DNA sequence may vary from those 

20 presented in SEQ ID NOs:l, 3, 5 and 7 and still encode a MYB polypeptide having 
the amino acid sequence set forth in SEQ ID NOs: 2, 4, 6 and 8. Such variant DNA 
sequences may result from silent mutations (e.g., occurring during PCR 
amplification), and may be the product of deliberate mutagenesis of a native 
sequence. 

25 Included within the scope of the present invention, in addition to the 

sequences exemplified specifically herein and enumerated in the sequence listing, 
are cDNA sequences which are equivalent to the enumerated sequences and cDNA 
sequences which hybridize with the enumerated sequences and encode a polypeptide 
having some degree of stress-tolerance activity of the given polypeptide. 

30 Equivalent cDNA sequences are those which encode the same polypeptide 



Naturally occurring MYB variants are also encompassed by the present 
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even though they contain at least one different nucleotide from the enumerated 
sequence. As is known in the art, the amino acid sequence of a polypeptide is 
determined by the nucleotide sequence of the DNA. Because of the redundancy of 
the genetic code, i.e., more than one coding nucleotide triplet (codon) can be used 
5 for most of the amino acids used to make proteins, different nucleotide sequences 
can code for a particular amino acid. 

cDNA sequences that hybridize with a given enumerated sequence and 
encode a polypeptide or protein having at least some degree of activity of the 
corresponding plant stress tolerance protein are those which exhibit substantial 
10 sequence identity, as defined hereinabove, with the enumerated sequence such that it 
hybridizes with the latter under low stringency conditions. Proteins translated from 
these hybridizable cDNA sequences have different primary structures from proteins 
translated from the enumerated sequences. However, their respective secondary 
structures are the same. 

15 

Method for Enhancing a Plant's Tolerance to Stress 
The present invention also relates to methods for enhancing a plant's 
tolerance to stress. The method includes transforming a plant with a vector, where 
the vector is as described above. 

20 DNA transformation may be performed using any method of plant transformation 
known in the art. Plant transformation methods include direct co-cultivation of 
plants, tissues or cells with Agrobacterium tumefaciens or direct infection (Miki, et 
al., Meth. in Plant Mol. Biol, and Biotechnology, (1993), p. 67-88); direct gene 
transfer into protoplasts or protoplast uptake (Paszkowski, et al., EMBO J., 12:2717 

25 (1984); electroporation (Fromm, et al., Nature, 319:719 (1986); particle 

bombardment (Klein et al., BioTechnology, 6:559-563 (1988); injection into 
meristematic tissues of seedlings and plants (De LaPena, et al., Nature, 325:274-276 
(1987); injection into protoplasts of cultured cells and tissues (Reich, et al., 
B ioTechnology, 4 : 1 00 1 - 1 004 ( 1 986)). 
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Such transformation may occur for example, by incorporating a recombinant 
vector into a plant or deleting a recombinant vector from a plant. Alternatively, the 
transgenic plant may be transformed by the modification of a plant with a 
recombinant vector. Suitable recombinant vectors are described above and plants 
5 are as defined above. 

Plants include the plants defined above. 

Method of Producing a Transgenic Plant 
Having Enhanced Stress Tolerance 

1 0 Also encompassed by the present invention are methods of producing a 

transgenic plant having enhanced stress tolerance. The method includes 
transforming a plant cell or cells with a nucleic acid molecule, which encodes a 
MYB transcription factor. The method then includes regenerating a transgenic plant 
from the transformed cell(s) such that the increased expression of the MYB 

1 5 transcription factor confers enhanced stress tolerance to the plant. Preferably, the 
nucleic acid sequence encoding a MYB transcription factor is operably linked to a 
promoter, such that the expression of the MYB polypeptide is regulated by the 
promoter. Preferably the nucleic acid molecule is a recombinant DNA construct. 
Also, preferably in this method, the MYB transcription factor is one of 

20 MYB60, MYB74, MYB75 and MYB90. In a most preferred embodiment of this 
aspect of the invention, the MYB transcription factor has an amino acid sequence 
selected from SEQ ID NO:2, SEQ ID NO 4, SEQ ID NO:6, or SEQ ID NO:8. 

In another embodiment, the MYB transcription factor may share about 50% 
to about 100% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 

25 or SEQ ID NO:8. More preferably, the MYB transcription factor shares about 65% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO 8. Most preferably, the MYB transcription factor shares about 70% 
to about 99% sequence identity with SEQ ED NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO 8 

30 Plants include the plants defined above. Stress tolerance includes tolerance 

to various stresses including drought, salt, cold, heat and the like. The nucleic acid 
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sequence may be a DNA or RNA sequence and may be single stranded or double 
stranded. 

Using the methods of the invention, transgenic plants are generated and 
monitored for growth. Plants exhibiting increased resistance to environmental 
5 stress, e.g., decreased susceptibility to high temperature or low temperature 

(chilling), drought, infection, etc., and/ or increased resistance to pathogens, are 
selected as superior products. These superior plants are propagated. 

Method of Increasing the Expression of a 
10 MYB Transcription Factor in a Plant 

The present invention also encompasses methods of increasing the 

expression of a MYB transcription factor in a plant. The method includes 

transforming a plant cell or cells with a nucleic acid molecule, which encodes a 

MYB transcription factor. The method then includes regenerating a transgenic plant 

1 5 from the transformed cell(s), such that the expression of the MYB transcription 
factor is increased relative to a non-transformed plant and whereby the increased 
expression of the MYB transcription factor confers enhanced stress tolerance to the 
plant. Preferably the nucleic acid molecule is a recombinant DNA construct. 

Preferably in this method, the MYB transcription factor is one of MYB60, 

20 MYB74, MYB75 and MYB90. In a most preferred embodiment of this aspect of the 
invention, the MYB transcription factor has an amino acid sequence selected from 
SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ ID NO:8. 

In another embodiment, the MYB transcription factor may share about 50% 
to about 100% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ED NO:6, 

25 or SEQ ID NO:8. More preferably, the MYB transcription factor shares about 65% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO:8. Most preferably, the MYB transcription factor shares about 70% 
to about 99% sequence identity with SEQ ED NO:2, SEQ ID NO:4, SEQ ID N06, 
or SEQ ID NO:8. 

30 Plants include the plants defined above. Stress tolerance includes tolerance 

to various stresses including drought, salt, cold, heat and the like. The nucleic acid 
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sequence may Jbe a DNA or RNA sequence and may be single stranded or double 
stranded. 

Using the methods of the invention, transgenic plants are generated and 
monitored for growth. Plants exhibiting increased expression of a MYB 
5 transcription factor, as measured for example by resistance to environmental stress, 
e.g., decreased susceptibility to low temperature (chilling), drought, infection, etc., 
and/ or increased resistance to pathogens, are selected as superior products. These 
superior plants are propagated. 

10 Method of Increasing the Stress Tolerance of a Plant 

Further encompassed by the present invention are methods of increasing the 
stress tolerance of a plant. The method includes transforming a plant cell or cells 
with a nucleic acid sequence, which encodes a MYB transcription factor. The 
method then includes regenerating a transgenic plant from the transformed cell(s), 

1 5 wherein the expression of the MYB transcription factor is increased relative to a 
non-transformed plant and whereby the increased expression of the MYB 
transcription factor confers enhanced stress tolerance to the plant, thereby increasing 
the stress tolerance of a plant. Preferably the nucleic acid sequence is a 
recombinant DNA construct. 

20 Preferably in this method, the MYB transcription factor is one of MYB60, 

MYB74, MYB75 and MYB90. In a most preferred embodiment of this aspect of the 
invention, the MYB transcription factor has an amino acid sequence selected from 
SEQ ID NO:2, SEQ ID NO:4, SEQ ED NO:6, or SEQ ID NO:8. 

In another embodiment, the MYB transcription factor may share about 50% 

25 to about 100% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO:8. More preferably, the MYB transcription factor shares about 65% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO: 8. Most preferably, the MYB transcription factor shares about 70% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 

30 orSEQIDNO:8. . 
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Plants include the plants defined above. Stress tolerance includes tolerance 
to various stresses including drought, salt, cold, heat and the like. The nucleic acid 
sequence may be a DNA or RNA sequence and may be single stranded or double 
stranded. 

5 Using the methods of the invention, transgenic plants are generated and 

monitored for growth. Plants exhibiting increased resistance to environmental 
stress, e.g., decreased susceptibility to low temperature (chilling), drought, infection, 
etc., and/ or increased resistance to pathogens, are selected as superior products. 
These superior plants are propagated. 

10 

Method for Enhancing a Plant's Sensitivity to Stress 
The present invention also relates to methods for enhancing a plant's 
sensitivity to stress. The method includes transforming a plant with a vector 
encoding a polynucleotide sequence that is complementary to SEQ ID NO: 1, SEQ 
1 5 ID NO:3, SEQ ID NO:5 or SEQ ID NO:7, or to the mRNA encoded by SEQ, ID 
NO: 1 SEQ ID NO:3, SEQ ID NO:5 or SEQ ID NO:7, where the vector is as 
described above. Suitable methods of transformation are described above. 
Plants include the plants defined above. 

20 Method of Producing a Transgenic Plant with 

Enhanced Stress Sensitivity 

The present invention is further directed to a method of producing a 
transgenic plant having enhanced stress sensitivity. Such a plant preferably has a 
reduced level of MYB transcription factors, preferably MYB60, MYB74, MYB75 
25 and MYB90 as compared to an unmodified plant. The method includes (1) 

transforming a plant with a vector, specifically a recombinant vector from any of the 
antisense nucleic acid molecules, as described above; (2) allowing the plant to grow 
to at least a plantlet stage; (3) assaying the transformed plant or plantlet for altered 
MYB activity and/or environmental stress sensitivity; and (4) selecting and growing 
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a plant having altered MYB activity and/or environmental stress sensitivity 
compared to a non-transformed plant. 

The plants of this method are as described above. Preferably, the plant may 
be used as an environmental monitor. 

5 

A Transformed Transgenic Plant 

The present invention further relates to a transgenic plant that is stably 
transformed. The transgenic plant is preferably stably transformed with a MYB 
gene or variant thereof, which is expressed so as to enhance stress tolerance in the 

1 0 plant. The DN A may further comprise a screenable marker gene. Alternatively, the 
transgenic plant may be transformed by an antisense gene. 

Also encompassed by the present invention are seeds transformed with a 
MYB gene or functional derivative or variant thereof. The seed may be transformed 
by the incorporation, deletion or modification of a seed, plant, plant part or progeny 

I 5 thereof with a recombinant vector as described herein. Such recombinant vectors 
may be from any of the nucleic acid molecules or antisense nucleic acid molecules 
described herein. 

Particular benefits may be realized by the transformation of plant cells or 
seeds with any of the nucleic acids comprising the genes described herein or variants 
20 thereof (That is, by incorporation, deletion or modification of these nucleic acids 
into a plant or seed). 

Various methods for accomplishing the genetic transformation of plants (that 
is, stably introducing foreign DNA into plant) are known in the art. Suitable 
methods are believed to include virtually any method by which DNA can be 
25 introduced into a cell, such as by Agrobacterium infection or direct delivery of DNA 
such as, for example, by PEG-mediated transformation, by electroporation or by 
acceleration of DNA coated particles, etc. Acceleration methods are generally 
preferred and include, for example, microprojectile bombardment and the like. 

In the microprojectile bombardment method, non-biological particles may be 
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coated with nucleic acids and delivered into cells by a propelling force. Exemplary 
particles include those comprised of tungsten, gold, platinum, and the like. 

Transgenic plants made in accordance with the present invention may be 
prepared by nucleic acid transformation using any method of plant transformation 
5 known in the art. 

Generally a complete plant is ultimately obtained from the transformation 
process. Plants are regenerated from protoplasts, callus, tissue parts or explants, etc. 
Plant parts obtained from the regenerated plants, such as leaves, flowers, fruit, seeds 
and the like are included in the definition of "plant" as used herein. Progeny, 
10 variants and mutants of the regenerated plants are also included in the definition of 
"plant." 

The transformation or genetic modification can effect a permanent change in 
the M YB levels in the plant and be propagated in offspring plants by selfing or other 
reproductive schemes. The genetically altered plant may be used to produce a new 
] 5 variety or line of plants wherein the alteration is stably transmitted from generation 
to generation. 

Method of Screening a Plant for Stress Tolerance 

Also encompassed by the present invention is a method of screening a plant 
20 for stress tolerance The method includes screening the expression level of a stress 
tolerance-related MYB polypeptide in a plant. The plants of this method are as 
described above 

After delivering nucleic acids, or variants thereof to recipient cells by any of 
the methods discussed above, the transformed cells may be identified for further 
25 culturing and plant regeneration. In this method, the transformed cell or plant is 
selected or screened by conventional techniques. This step may include assaying 
cultures directly for a screenable trait or by exposing the bombarded cultures to a 
selective agent or agents. 

In order to improve the ability to identify transformants, one may desire to 
30 employ a selectable or screenable marker gene as, or in addition to, the expressible 
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gene of interest. Marker genes code for phenotypes that allow cells that express the 
marker gene to be distinguished from cells that do not have the marker. Such genes 
may encode either a selectable or screenable marker, depending on whether the 
marker confers a trait which one can select for by chemical means, i.e., through the 
5 use of a selective agent (e.g., an herbicide, or the like), or whether it is simply a trait 
that one can identify through observation or testing. Examples of suitable marker 
genes are known to the art and can be employed in the practice of the invention. For 
example, suitable markers may include markers that encode a secretable antigen that 
can be identified by antibody interaction, or even secretable enzymes which can be 

10 detected catalytically. Secretable proteins fall into a number of classes, including 
small, diffusible proteins detectable, e.g., by ELISA, small active enzymes 
detectable in extracellular solution (e.g., alpha.-amylase, beta.-lactamase, 
phosphinothricin transferase), or proteins which are inserted or trapped in the cell 
wall (such as proteins which include a leader sequence such as that found in the 

15 expression unit of extensin or tobacco PRS), of course, in light of this disclosure, 
numerous other possible selectable and/or screenable marker genes will be apparent 
to those of skill in the art. Therefore, the foregoing discussion is intended to be 
exemplary rather than exhaustive. 

The transformed cell or plant contains the chimeric DNA sequence and is 

20 then regenerated, if desired, by known procedures, for both monocot and dicot 

plants. The regenerated plants are screened for transformation by standard methods. 
Progeny of the regenerated plants is continuously screened and selected for the 
continued presence of the integrated DNA sequence in order to develop improved 
plant and seed lines. The DNA sequence can be moved into other genetic lines by a 

25 variety of techniques, including classical breeding, protoplast fusion, nuclear transfer 
and chromosome transfer. 

Where both an expressible gene that is not necessarily a marker gene is 
employed in combination with a marker gene, one may employ the separate genes 
on either the same or different DNA segments for transformation. In the latter case, 
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the different vectors are delivered concurrently to recipient cells to maximize co- 
transformation. 

In order for a newly inserted gene or DNA sequence to be expressed, 
resulting in production of the protein which it encodes, or in the case of antisense 
5 DNA, to be transcribed, resulting in an antisense RNA molecule, the proper 

regulatory elements should be present in proper location and orientation with respect 
to the gene or DNA sequence. The regulatory regions may include a promoter, a 5'- 
non-translated leader sequence and a 3'-polyadenylation sequence as well as 
enhancers and other regulatory sequences. 

1 0 Promoter regulatory elements that are useful in combination with the M YB 

gene to generate sense or antisense transcripts of the gene include any effective 
promoter in general, and more particularly, a constitutive promoter such as the fig 
wart mosaic virus 35S promoter, the cauliflower mosaic virus promoter, CaMV35S 
promoter, or the MAS promoter, or a tissue-specific or senescence-induced 

1 5 promoter, such as the carnation petal GST1 promoter or the Arabidopsis SAG 12 
promoter (See, for example, J.C. Palaqui et al., Plant Physiol., 1 12: 1447-1456 
(1996); Morton et al., Molecular Breeding, 1:123-132 (1995); Fobert et al., Plant 
Journal, 6:567-577 (1994); and Gan et al., Plant Physiol., 1 13:313 (1997), 
incorporated herein by reference). Preferably, the promoter used in the present 

20 invention is a constitutive promoter. 

Expression levels from a promoter which is useful for the present invention 
can be tested using conventional expression systems, for example by measuring 
levels of a reporter gene product, e.g., protein or mRNA in extracts of the leaves, 
flowers, fruit or other tissues of a transgenic plant into which the promoter/reporter 

25 have been introduced. 



Method for Increasing the Stress Resistance of a Crop in a Field 

Another embodiment of the invention is a method for increasing the stress 
resistance of a crop in a field. The method includes planting in the field seeds or 
30 plants, such as the transgenic plants or seeds described herein, which are 
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transformed with the vectors described herein, by any of the methods described 
herein. Suitable methods of planting are known to those in the art. 

Method of Inhibiting the Expression of MYB Genes in a Plant 
5 The present invention further relates to a method of inhibiting the expression 

of MYB genes in a plant cell, the method includes integrating into the genome of a 
plant a vector specifically, a recombinant vector from any of the antisense nucleic 
acid molecules, as described above, and growing the plant. In this method, the 
antisense nucleic acid molecule is transcribed, such that expression of the MYB 
10 gene is inhibited. 
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Method of Assaying the Environmental Conditions of a Field 

The invention further relates to a method of assaying the environmental 
conditions of a field. Such a method includes planting any of the plants described 
15 herein, including those transformed by the vectors described herein, both antisense 
and non-antisense, and monitoring the growth of the plant. 

Method of Increasing the Production of Products of the 
Phenylpropanoid Biosynthesis Pathway in a Plant 

20 Also encompassed by the present invention is a method of increasing the 

production of products of the phenylpropanoid biosynthesis pathway in a plant. The 
method includes transforming a plant cell with a recombinant DNA construct 
comprising a nucleic acid sequence encoding a MYB transcription factor. The 
method then includes regenerating a transgenic plant from the transformed cell, 

25 wherein the expression of the MYB transcription factor increases the expression of 
genes encoding gene products affecting the phenylpropanoid pathway, thereby 
increasing the production of products of the phenylpropanoid biosynthesis pathway. 

Products of the phenylpropanoid pathway include, but are not limited to 
stilbenes, flavonoids, lignins, salicylic acid, anthocyanins, phenolic derivatives and 

30 the like. 
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Preferably in this method, the MYB transcription factor is one of MYB60, 
MYB74, MYB75 and MYB90. In a most preferred embodiment of this aspect of the 
invention, the MYB transcription factor has an amino acid sequence selected from 
SEQ ID NO:2, SEQ ID N0 4, SEQ ID NO:6, or SEQ ID NO:8. 
5 In another embodiment, the MYB transcription factor may share about 50% 

to about 100% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO 8. More preferably, the .MYB transcription factor shares about 65% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO:8 Most preferably, the MYB transcription factor shares about 70% 
1 0 to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
orSEQIDNO:8. 

Plants include the plants defined above. Stress tolerance includes tolerance 
to various stresses including drought, salt, cold, heat and the like. The nucleic acid 
sequence may be a DNA or RNA sequence and may be single stranded or double 
15 stranded. 

Using the methods of the invention, transgenic plants are generated and 
monitored for growth. Plants exhibiting increased expression of products of the 
phenylpropanoid biosynthesis pathway, as exhibited for example by decreased 
susceptibility to high temperature or low temperature (chilling), drought, infection, 

20 etc., and/ or increased resistance to pathogens, are selected as superior products. 
These superior plants are propagated. 

Further encompassed by the present invention is a method of decreasing the 
production of products of the phenylpropanoid biosynthesis pathway in a plant. The 
method includes (i) transforming a plant cell with a vector comprising an antisense 

25 nucleic acid molecule substantially complementary to at least a portion of a DNA 
molecule encoding a MYB transcription factor or at least a portion of an RNA 
sequence encoded by the DNA molecule encoding said MYB transcription factor; 
and regulatory sequences pperatively linked to the antisense nucleic acid molecule; 
such that the nucleic acid molecule is expressed in a plant cell into which it is 

30 transformed; and (ii) growing the plant, whereby the antisense nucleic acid molecule 
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is transcribed, such that expression of the MYB gene is inhibited, thereby decreasing 
the production of products of the phenylpropanoid biosynthesis pathway. For 
example, products of the phenylpropanoid pathway such as stilbenes, flavonoids, 
lignins, salicylic acid, anthocyanins, phenolic derivatives and the like are decreased 
5 by this method. 

In the case of antisense, transgenic plants are generated and monitored for 
growth. Plants exhibiting an increased stress sensitivity are selected and 
propagated. 

10 Isolation of MYB Nucleic Acids and Construction of MYB Encoding Vectors 

Nucleic acid molecules encoding the MYB transcription factors of the 
present invention may be prepared by two general methods: (1) they may be 
synthesized from appropriate nucleotide triphosphates, or (2) they may be isolated 
from biological sources. Both of the above methods are well known in the art. 

15 Nucleic acid sequences encoding the MYB transcription factors of the 

present invention may be isolated from appropriate biological sources using methods 
known in the art. In accordance with the present invention, nucleic acids having the 
appropriate level of sequence identity with the protein coding region of SEQ ID 
NOs: 1 , 2, 4, or 5 may be identified by using hybridization and washing conditions of 

20 appropriate stringency. For example, hybridizations may be performed, according to 
the method of Sambrook et al., (22) using a hybridization solution including: 5 times 
SSC, 5 times Denhardfs reagent, 1.0% SDS, 100 jig/ml denatured, fragmented 
salmon sperm DNA, 0.05% sodium pyrophosphate and up to 50% formamide. 
Hybridization is carried out at 37-42°C for at least six hours. Following 

25 hybridization, filters are washed as follows: (1) 5 minutes at room temperature in 2 
times SSC and 1% SDS; (2) 15 minutes at room temperature in 2 times SSC and 
0.1% SDS; (3) 30 minutes-1 hour at 37° C. in 1 times SSC and 1% SDS; (4) 2 hours 
at 42-65 °C in 1 times SSC and 1% SDS, changing the solution every 30 minutes. 
Nucleic acids of the present invention may be maintained as DNA in any 

30 convenient cloning vector. In a preferred embodiment, clones are maintained in 
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plasmid cloning/expression vector, such as pBIuescript (Stratagene, La Jolla, Calif), 
which is propagated in a suitable & coli host cell. 

A full-length MYB polypeptide of the present invention may be prepared in 
a variety of ways, according to known methods. The protein may be purified from 
5 appropriate sources, e.g., plant or animal cultured cells or tissues, by immunoaffinity 
purification. 

Alternatively, according to a preferred embodiment, larger quantities of 
MYB polypeptide may be produced by expression in a suitable procaryotic or 
eucaryotic system. For example, part or all of a DNA molecule, such as the cDNA 

1 0 having SEQ ID NO: 1 , may be inserted into a plasmid vector adapted for expression 
in a bacterial cell, such as E. coli y or into a baculovirus vector for expression in an 
insect cell. Such vectors comprise the regulatory elements necessary for expression 
of the DNA in the host cell (e.g. E. coli, plant cell or insect cell), positioned in such 
a manner as to permit expression of the DNA in the host cell. Such regulatory 

1 5 elements required for expression include promoter sequences, transcription initiation 
sequences and, optionally, enhancer sequences. 

The MYB polypeptide produced by gene expression in a recombinant 
procaryotic or eucyarotic system may be purified according to methods known. in the 
art. In a preferred embodiment, a commercially available expression/secretion, 

20 system can be used, whereby the recombinant protein is expressed and thereafter 
secreted from the host cell, to be easily purified from the surrounding medium. If 
expression/secretion vectors are not used, an alternative approach involves purifying 
the recombinant protein by affinity separation, such as by immunological interaction 
with antibodies that bind specifically to the recombinant protein or nickel columns 

25 for isolation of recombinant proteins tagged with 6-8 histidine residues at their N- 
terminus or C-terminus. Such methods are commonly used by skilled practitioners. 

The MYB proteins of the invention may be analyzed according to standard 
procedures. For example, such proteins may be subjected to amino acid sequence 
analysis, according to known methods. 
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Having now generally described the invention, the same will be more readily 
understood through reference to the following examples which are provided by way 
of illustration, and are not intended to be limiting to the present invention. 

5 EXAMPLE 1 

Genes induced during water stress conditions are not only thought to protect 
cells from osmotic stress but also to be involved in the regulation of genes for signal 
transduction in water deficit response. A first group of genes codes for proteins that 
directly function in stress tolerance. A second group of genes induced under water 

10 stress conditions encodes for regulatory proteins that function in signal transduction 
pathways. Examples are protein kinases, PLC, 14-3-3 proteins and transcription 
factors directly involved in the further control of gene expression during water stress 
response. Certain genes respond to drought, salt and cold stress at the transcriptional 
level. Expression patterns of dehydration-inducible genes are complex: some genes 

15 respond to water stress very rapidly, whereas others are induced slowly after the 
accumulation of ABA. Most of the genes that respond to drought, salt and cold 
stress can also be induced by exogenous applications of ABA. It is believed that 
dehydration may trigger the production of ABA, which in turn induces various 
genes. On the other hand, several genes that are induced by water stress are not 

20 responsive to exogenous ABA treatment. Analysis of the expression of water-stress- 
inducible genes by ABA in ABA-defwient (aba) or ABA-insensiiive (abi) 
Arabidopsis mutants have indicated that some of the stress-inducible genes do not 
require an accumulation of endogenous ABA under drought or cold conditions. 
These observations suggest the existence of both ABA-independent and ABA- 

25 dependent signal transduction cascades between the initial signal of drought or cold 
and the further expression of specific genes. In addition, analysis of the expression 
of ABA-inducible genes revealed that several of them require protein biosynthesis 
for their ABA induction, while others do not, suggesting the existence of at least two 
independent pathways between the upstream production of endogenous ABA and 

30 gene expression during stress. The ABA-inducible genes that do not require protein 
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biosynthesis for their expression contain a potential ABA-responsive-element, 
termed ABRE (PyACGTTCCG) (SEQ ID NO:9) in their promoter regions. The 
ABRE resembles the G-box element, an ACGT "core" containing element, that 
functions in the regulation of plant genes in a variety of environmental conditions, 
5 such as light, UV, wounding and anaerobiosis. Basic region leucine zipper (bZIP) 
proteins have been shown to be involved in the binding to this class of elements. 
Furthermore, a coupling element is required to specify the function of the ABRE, 
constituting an ABA-responsive complex. 

Along the second ABA-dependent pathway, protein biosynthesis is necessary 

1 0 for the expression of water-stress-inducible genes. A 67 bp region in the promoter 
of rd22, an Arabidopsis gene whose expression is mediated by ABA and requires 
protein biosynthesis, is essential and sufficient for its dehydration and ABA- 
inductibility. This region contains two closely located putative recognition sites for 
the basic helix-loop-helix protein MYC (CANNTG) (SEQ ID NO: 10) and one for a 

1 5 MYB protein (PyAACPyPu) (SEQ ED NO: 1 1 ) However, this region does not 
contain ABRE sequences. 

A possible role of the Arabidopsis AtMYB2 in water stress response is the 
induction oird22 gene and under low oxygen conditions the induction of the ADM. 
Rd22BPl gene, which encodes a MYC transcription factor, and AtMYB2 are both 

20 induced by dehydration stress. The corresponding proteins bind in vitro to have the 
67 bp region of the rd22 gene promoter. These results suggest that MYB and MYC 
homologues are involved in the regulation of gene expression along one of the 
ABA-dependent signal cascade. However, the existence of several genes induced by 
drought and cold in aba and abi Arabidopsis mutants suggests the presence of signal 

25 transduction pathways that do not require ABA accumulation for their induction. A 
9 bp dehydration responsive element, termed DRE (TACCGACAT) (SEQ ID 
NO: 12) is essential for the ABA-independent induction of many stress-inducible 
genes such as rd29A, kinl, cor6.6 and rdl7, under drought, high salt and high and 
low temperature conditions. Concerning the ABA-independent pathways, the 

30 existence of several drought-induced genes that do not respond to cold or ABA 
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treatment suggest that there is at least a fourth pathway, which can be involved in the 
plant tolerance to environmental stress, such as dehydration. As suggested by the 
classes of mutants recovered that respond in different ways to ABA, cold and 
osmotic stress ABA-dependent and ABA-independent pathways may interact and 
5 coverage to activate stress genes. 

Several MYB recognition sites have been found in the promoter regions of 
different genes induced under osmotic stresses. Therefore, Applicants studied the 
possible involvement of MYB proteins in the regulation of stress induced genes. 
The expression pattern of four MYB genes were analyzed in response to different 

10 osmotic stress. Certain putative target genes known to be induced by water stress, 
i.e., AtPSCSl, rd22, erdlO and ADH1, were also included in this analysis to 
hypothetically localize these MYB transcription factors along the four different 
signal transduction pathways recently proposed. 

Seeds of wild type Arabidopsis thaliana (Columbia ecotype) were used in 

1 5 this study. For cold treatment seeds were sown on Einhietserde soil, treated at 4°C 
for 4 days to promote even germination, then grown with a 16-hours light/8-hours 
dark cycle at 22°C for 4 weeks and subsequently incubated at 4°C for up to 48 hours 
in the dark. The entire aerial part of the plants was collected after 2, 4, 6, 8, 24, and 
48 hours. 

20 For drought, ABA, PEG and NaCl treatments seeds were surface-sterilized 

with ethanol for 2 minutes, then with a solution of sodium hypoclorite (0.5% v/v) for 
5 minutes, rinsed 3 times with sterilized distilled water, treated at 4°C for 4 days to 
promote even germination. For drought treatment sterilized seeds were sown on MS 
medium agar (0.8% w/v) plates, supplemented with sucrose (1% w/v) and MES (0.5 

25 g L" 1 ), grown with a 16-hour light/8-hour dark cycle at 22°C for 2 weeks, then 
dehydrated on 3MM paper at 22°C in the light for 1, 2, 3, 5, and 7 hours. 

For ABA, PEG (Polyethyleneglycol 6000) and NaCl treatments plants were 
grown in liquid MS medium, supplemented with sucrose (3% w/v) and MES (00.5 g 
L" 1 ), with a 16-hour light/8-hour dark cycle at 22 °C for 3 weeks in an orbital shaker, 

30 then ABA (± cis-trans isomers) or PEG 6000 or NaCl were added at a final 
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concentration of 1 00 tuM, 30% w/v and 200 mM respectively; the samples were 
collected after 1, 2, 4, 6, 8, 16, 24, and 48 hours. For PEG 30% treatment after 6 
hours of stress samples were re-hydrated transferring the plants in fresh medium 
without PEG and collected after 1, 4 and 24 hours (Rlh, R4h and R24h). An 
5 untreated culture (PEG and NaCl control) and a culture treated with the solvent 
ethanol used for the ABA treatment (ABA control) were also harvested. In each 
case the plants were subjected to the stress treatments for various time periods, 
frozen in liquid nitrogen and stored at -80°C. 
The results are shown in Table 1 . 

10 

RNA extraction and RT-PCR analysis 

Total RNA was isolated from whole plants collected at various time periods 
of treatments by methods known to those in the art. 

Reverse transcriptase polymerase chain reaction (RT -PCR) was used to 

1 5 detect A1MYB75 and AtPSCSl genes transcripts. All RNA samples were treated 
with DNasel (15 units) before cDNA synthesis. First strand cDNA synthesis was 
carried out from 6^g of total RNA with an oligo (dT) and RT Superscript™ II (300 
units) as recommended by the manufacturer. The primer used was a 35-base 
oligonucleotide with l7dT residues and an adapter (5'- 

20 GGGAATTCGTCGACAAGC-3') (SEQ ID NO: 13) sequence. First-strand cDNA 
was used as template for PCR amplification. Amplification reactions containing an 
aliquot of cDNA, I X PCR Buffer II, 2.5 mM MgCl 2 , 200 (uM of each dATP, dCTP, 
dGTP and dTTP, 0.1 /^M of each primer and 2.5 unit of AmpliTaq were performed 
in a final volume of 50 y\. After the first denaturation step (2 min and 30 sec at 

25 94 °C), the reaction mix underwent 20 cycles of denaturation at 94°C at 45 sec, 

annealing at 55°C for 1 min and extension at 72°C for 2 min. A final extension at 
72 °C for 7 min was performed to complete the reaction. A set of primers specific 
for the TSBJ gene of Arabidopsis, which encodes the P subunit of tryptophan 
synthase, were used to standardize the concentration of the different samples. The 

30 length of the amplified product was 476 bp. To ensure the amplification reactions 
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were within linear ranges, the reactions were carried out for 20 cycles. The PCR 
products were fractionated on 2% w/v agarose gels and transferred onto Hybond N+ 
nylon membranes and hybridized employing probe labeled with fluorescein, 
according to the manufacturers' protocols. This standardization was confirmed 
5 using a set of primers specific for Arabidopsis ACT1 gene that encodes for actin. 
For mRNA detection of the genes under analysis, the specific primer sets were used. 
The PCR products were then separated on agarose gels 2% w/v, and transferred onto 
Hybond N+ nylon membranes and hybridized with random primed fluorescein 
fragments. 

10 Four MYB genes were studied in response to osmotic stress. Quantitative 

RT-PCR analysis was performed on RNA samples obtained from plants exposed to 
abiotic stresses like low temperature, drought, high salt, PEG and abscisic acid 
supply. Applicants analyzed the kinetics of expression of four MYB genes and of 
four putative target genes known to be induced by water stress, AtPSCSl, rd.22 t 

1 5 erdlO and ADH 1 The cDNA and amino acid sequences of AtMYB60 are reported in 
Figure 1, of A1MYB74 in Figure 2 3 of A1MYB75 in Figure 3 A and Figure 3B, and of 
A (MYB 90 in Figure 4. 

Table 1 summarizes the results obtained for all genes analyzed. 
Table 1 

20 Schematic representation of MYB genes and AtPSCS 1 , erdl 0, rd22 and 
ADH1 genes expression under different stress conditions: drought, PEG 
(30%), ABA (100 nM), NaCI (200 mM) and cold (4°C). 
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30 AtP5CSl + + + + + 0 + + + 

erdlO + + + + + + + + + + + 
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rd22 + + + + + 

ADH1 + + " + 0 + 

Symbols indicated: n.s. no signal; n.d. not determined; 0 no induction; + slight 
5 induction; + + + high induction; - slight repression; high repression 

The expression of AtPSCSl (see Figure 5) was strongly induced within 1 
hour after the initiation of drought treatment and high levels of transcript were 
maintained during 7 hours of dehydration. These data are consistent with 

10 previously published results where the expression of AtPSCSl was induced by 

exogenous ABA treatment. ABA supply induced AtPSCSl gene expression within 2 
hours, reaching a peak after 4 hours, then the level of this transcript decreased 
gradually. In PEG treated plants AtPSCSl mRNA was induced in a two-phase time 
course: the first peak of induction was observed after 1 hour of PEG supply, then 

1 5 the level of expression decreased; after 6 hours mRNA accumulated once again. 

When plants treated with PEG for 6 hours were re-hydrated for 1, 4 and 24 hours the 
level of the transcript decreased gradually, returning to the level present in untreated 
plants. A similar two phases induction process was also observed for rd22 (see 
Figure 6), erd/0 (see Figure 7) and ADH1 (see Figure 8). The same kinetics had 

20 been previously reported for erdlO gene upon cold stress and for rd29A during 

dehydration treatment. It has been shown that in dehydration conditions endogenous 
ABA began to accumulate 2 h after the beginning of the treatment and reached its 
maximum at 10 hours. Taken together, these results suggest that the first rapid 
induction in the two-step kinetics is not mediated by ABA, while the late induction 

25 is AB A-dependent. Our results from PEG and ABA treatments confirm a role for 
ABA in the late induction not only for erdlO but also for AtPSCSl, rd22, and ADH1 
while early transcript accumulation seems to be ABA-independent. 

Among the MYB genes analyzed only A/MYB74 (see Figure 9) and 
A1MYB7S (see Figure 10) are rapidly induced in response to PEG 30% and their 

30 transcripts are maintained at high level throughout the length of the treatments even 
if only AtMYB74 shows a clear two phases induction process. Their transcripts are 
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also induced very rapidly by exogenous ABA and drought treatments, while their 
expression is differentially modulated by NaCl treatment (Table 1). Therefore, 
AIMYB74 and AtMYB75 are believed to be good candidates to regulate genes 
involved in water stress response along two different signal transduction pathways 
5 an AB A-independent pathway, early activated under osmotic stress and responsible 
for the rapid induction of AtMYB74 and AIMYB75 as well as an AB A-dependent 
pathway, activated after ABA accumulation and responsible for the second phase of 
induction of those genes. See the comparison of the expression patterns of 
AtMYB75 and AtMYB74 to ER10, ADH1, P5CS1 and RD22 in Figure 11. 

10 Another gene, AtMYB90, phylogenetically correlated to AtMYB75, showed 

a similar pattern of expression in response to ABA and NaCI, while it is not induced 
by PEG treatment (see results of the RT-PCR analysis in Figure 12). In response to 
drought treatment A1MYB90 transcript appears three hours after the beginning of the 
stress and its level is reduced with respect to that of AiMYB74 and A/MYB75 (Table 

15 1 ). Therefore, its role in stress response is not very clear. AtMYB60 was the only 
A4YB gene analyzed that was repressed by water and osmotic stress conditions 
(Table 1): its transcript levels decreased significantly within 1 hour after the 
initiation of drought and ABA treatment and only slightly after PEG and NaCl 
supply (between 4 and 6 hours after the initiation of the treatments). 

20 It is believed from these experiments that AtMYB74 is activated by stress 

both by an ABA dependent and an ABA independent pathway, while AtMYB60 is 
repressed by stress (particularly drought stress) in an ABA dependent manner. 



25 EXAMPLE 2 

Phenylpropanoid molecules comprise a set of important secondary products 
such as anthocyanin pigments, flavonoids, phytoalexins, phenolics acids which are 
involved in the protection of plants against UV damage, oxidative stress, pathogen 
attack, etc. The biochemical pathways leading to the synthesis of most of these 
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compounds are understood and several of the structural and regulatory genes 
involved have been cloned from maize, petunia and snapdragon. 

In maize the enzymes involved in this biosynthesis are regulated in a 
coordinated way as a result of the activation of regulatory genes that are expressed in 
5 a tissue specific manner. Genetic and molecular analyses indicate that the regulatory 
genes can be grouped in two families, the R/B gene family, which encodes related 
proteins with a basic-helix-loop-helix (bHLH) DNA binding domain and the Cl/Pl 
family, which encodes related proteins with MYB-domain. A member of each of 
the two families is preferably expressed for the transcriptional activation of the 
1 0 biosy nthetic genes . 

The RNA gel blot and RT-PCR analysis has revealed that light dependent 
anthocyanin accumulation is due to the light induced expression of the MYB Cl and 
PI genes. 

In Arabidopsis the structural genes of the flavonoid pathway had previously 

1 5 been studied and cloned but the transcription factors regulating this biosynthesis 
were not previously understood. To understand the role of MYB genes in 
Arabidopsis, Applicants undertook a quantitative RT-PCR analysis performed on 
RNA samples of Arabidopsis obtained from several tissues and at different times 
after treatment with radiations such as white and blue light, UVA, UVB. The 

20 expression patterns were then compared with those of chalcone synthase (CHS) gene 
and dihydroflavonol-4-reductase (D4R) gene, structural genes of the flavonoid 
pathway. The expression patterns are shown in Fig. 1 5. The MYB-75 and MYB-90 
expression patterns in response to white, blue, UV-A and UV-B light are consistent 
with their putative role in the control of phenylpropanoid pathway. 

25 The expression pattern of AtMYB75 and chalcone synthase (CHS gene), 

induced by white, blue, UVA and UVB light suggests that MYB 75 could regulate 
the expression of CHS while that of AtMYB90 and D4R induced with a similar 
kinetic by white, blue and UVA light suggests that MYB 90 could regulate the 
expression of D4R. The believed roles of MYB75 and MYB 90 in the 

30 phenylpropanoid metabolic pathway are depicted in Figure 16. 
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Among the more than 100 MYB genes cloned in Arahidopsis, the ones 
showing the highest similarity to the maize CI and PI gene are AtMYB75 and 
AtMYB90. Thus, Applicants believe that AtMYB75 and AtMYB90 are 
transcription factors that regulate flavonoid biosynthesis. 

5 

EXAMPLE 3 

Construction and Analysis of MYB Transgenic plants. 

Individually, each of the MYB genes of the present invention are placed in a 
sense or antisense orientation under the control of the constitutive CaMV 35 S 
10 promoter and are introduced into the tobacco cultivar Xanthi. Independent 

transgenic tobacco plants are generated. Vector-only transformed plants are also 
generated to be used as controls. The MYB transgenic plants exhibit enhanced 
resistance to environmental stresses as compared to the control plants. 

Transgenic plants having MYB genes introduced in the antisense orientation 
1 5 exhibit increased sensitivity to environmental stresses, such as drought and high salt 
conditions, as compared to the control plants. These plants show a decrease in 
expression of the MYB genes that enhance resistance to the high stress conditions. 

Progeny of plants having the MYB introduced in the sense and antisense 
orientation are each collected and further analyzed. Resistant and sensitive progeny 
20 are generated for further use. 

EXAMPLE 4 

To induce anthocyanin pigmentation in maize, the contemporary expression 
of one member of the R/Sn gene family (bHLH transcription factors) and a member 
25 of the C l/PI gene family (MYB)is needed. So we used a maize line carrying 
deletion for the r genes and carrying a small pi gene (recessive allele). In this 
condition no anthocyanin pigment are produced. 

Applicants performed a shot gun experiment. The constructs used were 
cDNA of the different genes under 35S promoter. Individually, MYB75 and 
30 MYB90 genes from Arabidopsis, were introduced into maize mutants lacking 
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anthocyanin. Applicants shot gun germinated maize seeds with the different 
combinations of construct and after four days we scored the seedlings for red spots. 
The presence of red spots is due to an accumulation of anthocyanin, which indicates 
that the transcription factors were expressed and able to induce the transcription of 
5 the structural genes of the anthocyanin biosynthetic pathway. The results of this 
experiment are set forth in Table 2 below 



TABLE 2 



10 



15 



Constructs used 

Sn + Cl 

Sn only 

CI only 

Sn + MYB 75 

Sn + MYB90 

Sn + MYB75 + MYB 90 



observation 
red pigmented cells 
no pigmented cells 
no pigmented cells 
red pigmented cells 
red pigmented cells 
red pigmented cells 



20 



25 



These results in Table 2 indicate that AtMYB75 and AtMYB90 are able to 
complement maize mutants and are able to functional substitute the maize C I gene 
in activating the anthocyanin biosynthesis in maize. Thus, anthocyanin was 
induced in the maize plants. This experiment shows that MYB 7 5 and MYB 90 genes 
cure the defect of a lack of anthocyanin in mutant plants. The experiment also show 
that the MYB genes may be stably transformed into plants and that cross species 
introduction of these genes is successful. Applicants believe that the MYB75 and 
MYB90 genes activate the anthocyanin pathway. 

Conclusion 

Although the present invention has been described with respect to exemplary 
embodiments, there are many other variations of the above-described embodiments 
which will be apparent to those skilled in the art, even where elements have not 
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explicitly been designated as exemplary. It is understood that these modifications 
are within the teaching of the present invention. 
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We claim: 

1 . A compound comprising a nucleic acid molecule comprising a 
sequence that encodes a plant stress tolerance-related myloblastosis (MYB) 
transcription factor. 

2. The compound of claim 1, wherein the MYB transcription factor is 
selected from the group consisting of MYB60, MYB74, MYB75, and MYB90. 



3. The compound of claim 1, wherein the nucleic acid molecule encodes 
1 0 an amino acid sequence selected from the group consisting of SEQ ED NO:2, SEQ 
ID NO:4, SEQ ID NO:6, and SEQ ID NO:8 

4 The compound of claim 1, wherein the nucleic acid molecule encodes 
an amino acid sequence having a sequence identity of about 50% to about 100% 
1 5^ with an amino acid sequence selected from the group consisting of SEQ ID NO:2, 
SEQ ID NO:4, SEQ ID NO:6, and SEQ ID NO:8. 



5. The compound of claim 1, wherein the nucleic acid molecule encodes 
an amino acid sequence having a sequence identity of about 65% to about 99% with 

20 an amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6, and SEQ ID NO:8 

6. The compound of claim 1, wherein the nucleic acid molecule encodes 
an amino acid sequence having a sequence identity of about 70% to about 99% with 

25 an amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6, and SEQ ID NO:8. 



7. The compound of claim 1, wherein the nucleic acid sequence is a 
sequence selected from the group consisting of SEQ ID NO: 1 , SEQ ID NO:3, SEQ 
30 ID NO:5, and SEQ ID NO:7. 
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8. The compound of claim 1, wherein the nucleic acid sequence is a 
sequence sharing a sequence identity of about 50% to about 100% with a nucleic 
acid sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO:3 ? 
SEQ ID NO:5, and SEQ ID NO:7. 

5 

9. The compound of claim 1, wherein the nucleic acid sequence is a 
sequence sharing a sequence identity of about 65% to about 99% with a nucleic acid 
sequence selected from the group consisting of SEQ ID NOl, SEQ ID NO:3, SEQ 
ID NO: 5, and SEQ ID NO:7 

10 

10. The compound of claim 1 5 wherein the nucleic acid sequence is a 
sequence sharing a sequence identity of about 70% to about 99% with a nucleic acid 
sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO:3, SEQ 
ID NO:5 and SEQ ID NO:7 

15 

11. A recombinant vector comprising the nucleic acid molecule of claim 

1. 



12. A compound comprising a nucleic acid molecule comprising a 
20 nucleic acid molecule encoding an RNA molecule which is substantially 

homologous to at least a portion of an RNA transcript of a plant MYB gene, wherein 
said plant MYB gene hybridizes under low stringency conditions with a nucleic acid 
sequence encoding a MYB transcription factor selected from the group consisting of 
MYB60, MYB74, MYB75, and MYB90. 

25 

13. The compound of claim 12, wherein the MYB transcription factor is 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8. 
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14. The compound of claim 12, wherein the MYB transcription factor has 
a sequence identity of about 50% to about 100% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO: 8. 

5 

15. The compound of claim 1 2, wherein the MYB transcription factor has 
a sequence identity of about 65% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8. 

10 

16. The compound of claim 12, wherein the MYB transcription factor has 
a sequence identity of about 70% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ED NO: 8. 

15 

17. The compound of claim 12, wherein the MYB gene has a sequence 
selected from the group consisting of SEQ ID NOT, SEQ ID NO:3, SEQ ID NO:5, 
and SEQEDN07 

20 1 8. The compound of claim 12, wherein the MYB gene has a sequence 

identity of about 50% to about 100% with a nucleic acid sequence selected from the 
group consisting of SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, and SEQ ID 
NO:7. 

25 19. The compound of claim 12, wherein the MYB gene has a sequence 

identity of about 65% to about 99% with a nucleic acid sequence selected from the 
group consisting of SEQ ID NOT, SEQ ID NO:3, SEQ ID N0 5, and SEQ ID 

NO:7. 
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20. The compound of claim 12, wherein the MYB gene has a sequence 
identity of about 70% to about 99% with a nucleic acid sequence selected from the 
group consisting of SEQ ED NO:l, SEQ ID NO:3, SEQ ID NO:5, and SEQ ID 
NO:7. 

5 

21. The compound of claim 12, wherein the nucleic acid molecule 
comprises at least about six nucleotides. 

22. A recombinant vector for transformation of plant cells, comprising 

10 a nucleic acid molecule substantially homologous to (1) at least a portion of a 

DNA molecule encoding a MYB transcription factor selected from the group 
consisting of MYB60, MYB 74, MYB75 and MYB 90, or (2) at least a portion of an 
RNA sequence encoded by the DNA molecule encoding said MYB transcription 
factor; and 

15 regulatory sequences operatively linked to the nucleic acid molecule such 

that the nucleic acid molecule is expressed in a plant cell into which it is 
transformed. 

23. A MYB polypeptide comprising a plant stress tolerance-related MYB 
20 transcription factor. 

24. The MYB polypeptide of claim 23, wherein the MYB polypeptide is 
a MYB transcription factor having a sequence selected from the group consisting of 
SEQ ID NO:2, SEQ ID NO 4, SEQ ID NO: 6, and SEQ ID N0 8. 

25 

25. The MYB polypeptide of claim 23, wherein the MYB polypeptide is 
a MYB transcription factor sharing a sequence identity of about 50% to about 100% 
with an amino acid sequence selected from the group consisting of SEQ ED NO:2, 
SEQIDN0 4, SEQ ID NO:6, and SEQ ID NO:8. 

30 
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26. The MYB polypeptide of claim 23, wherein the MYB polypeptide is 
a MYB transcription factor sharing a sequence identity of about 65% to about 99% 
with an amino acid sequence selected from the group consisting of SEQ ED NO:2, 
SEQ ID NO:4, SEQ ID NO:6, and SEQ ID NO:8. 

5 

27. The MYB polypeptide of claim 23, wherein the MYB polypeptide is 
a MYB transcription factor sharing a sequence identity of about 70% to about 99% 
with an amino acid sequence selected from the group consisting of SEQ ID NO:2, 
SEQ ID NO:4, SEQ ID NO:6, and SEQ ID NO:8. 

10 

28. An antibody of the MYB polypeptide of claim 23. 

29. The antibody of claim 28, wherein the MYB polypeptide is a MYB 
transcription factor having a sequence selected from the group consisting of SEQ ED 

I 5 NO:2, SEQ ID NO:4, SEQ ID NO:6, and SEQ ID NO:8. 

30. The antibody of claim 28, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 50% to about 100% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ED 

20 NO:4, SEQ ID NO:6, and SEQ ED NO:8. 

3 1 . The antibody of claim 28, wherein the MYB polypeptide is a M YB 
transcription factor sharing a sequence identity of about 65% to about 99% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 
25 NO:4, SEQ ID NO 6 and SEQ ID NO:8. 

32. The antibody of claim 28, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 70% to about 99% with an 
amino acid sequence selected from the group consisting of SEQ ED NO:2, SEQ ID 
30 NO 4, SEQ ID NO:6, and SEQ ID NO:8. 
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33. A variant of the MYB polypeptide of claim 23. 

34. The variant of claim 33, wherein the MYB polypeptide is a MYB 
transcription factor having a sequence selected from the group consisting of SEQ ID 

5 NO:2, SEQ ID NO:4, SEQ ID NO:6, and SEQ ID NO:8. 

35. The variant of claim 33, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 50% to about 100% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 

10 NO:4, SEQ ID NO 6, and SEQ ID NO:8. 

36. The variant of claim 33, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 65% to about 99% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 

1 5 NO:4, SEQ ED NO:6, and SEQ ID NO:8. 

37. The variant of claim 33, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 70% to about 99% with an 
amino acid sequence selected from the group consisting of SEQ ED NO:2, SEQ ID 

20 NO:4, SEQ ID NO 6, and SEQ ED NO:8. 

38. A method for enhancing a plant's tolerance to stress comprising 
transforming said plant with a vector as claimed in claim 1 1 . 

25 39. The method of claim 38, wherein said plant is selected from the 

group consisting of whole plants, plant parts and progeny thereof. 

40. A method of producing a transgenic plant with enhanced stress 
tolerance comprising: 
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transforming at least one plant cell with a recombinant DNA construct 
comprising a nucleic acid sequence encoding a MYB transcription factor; and 
regenerating a transgenic plant from the transformed cell, whereby the 
increased expression of the MYB transcription factor confers enhanced stress 
5 tolerance to the plant 

41 . The method of claim 40, wherein said MYB transcription factor is 
selected from the group consisting of MYB60, MYB74, MYB 75 and MYB90. 

]0 42. The method of claim 40, wherein said MYB transcription factor has a 

sequence selected from the group consisting of SEQ ID NO: 1, SEQ ED NO:3, SEQ 
ID NO:5, and SEQ ID NO:7. 



43. The method of claim 40, wherein the MYB transcription factor shares 
15 a sequence identity of about 50% to about 100% with an amino acid sequence 

selected from the group consisting of SEQ ID NO: 1, SEQ ED NO:3, SEQ ID NO:5, 
and SEQ ED NO:7. 

44. The method of claim 40, wherein the MYB transcription factor shares 
20 a sequence identity of about 65% to about 99% with an amino acid sequence 

selected from the group consisting of SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, 
and SEQ ID NO:7 

45. The method of claim 40, wherein the MYB transcription factor shares 
25 a sequence identity of about 70% to about 99% with an amino acid sequence 

selected from the group consisting of SEQ ID NO:l, SEQ ID NO:3, SEQ IDNO:5, 
and SEQIDNO:7. 

46. The method of claim 40, wherein the nucleic acid sequence encoding 
30 a MYB transcription factor is operatively linked to a promoter. 
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47. The method of claim 40, wherein the stress tolerance comprises salt 
stress tolerance. 

48. The method of claim 40, wherein the stress tolerance comprises 
5 drought stress tolerance. 

49. The method of claim 40, wherein the stress tolerance comprises cold 
stress tolerance. 

1 o 50. The method of claim 40, wherein the stress tolerance comprises heat 

stress tolerance. 

5 1 . The method of claim 40, wherein the nucleic acid sequence is a DNA 
sequence. 

15 

52. The method of claim 40, wherein the nucleic acid sequence is an 
RNA sequence. 

52. The method of claim 40, wherein the nucleic acid sequence is a single 
20 stranded sequence. 

52. The method of claim 40, wherein the nucleic acid sequence is a 
double stranded sequence. 

25 53. The method of claim 40, wherein said plant is selected from the 

group consisting of whole plants, plant parts and progeny thereof. 

54. A method of increasing the expression of a MYB transcription factor 
in a plant comprising: 
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transforming at least one plant cell with a recombinant DNA construct 
comprising a nucleic acid sequence encoding a MYB transcription factor; and 

regenerating a transgenic plant from the transformed cell, wherein the 
expression of the MYB transcription factor is increased relative to a non- 
5 transformed plant and whereby the increased expression of the MYB transcription 
factor confers enhanced stress tolerance to the plant. 

55. The method of claim 54, wherein said MYB transcription factor is 
selected from the group consisting of MYB60, MYB74, MYB75 and MYB 90. 

10 

56 The method of claim 54, wherein said MYB transcription factor has a 
sequence selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ 
ID NO:6, and SEQ ID NO:8. 

1 5 57 The method of claim 54, wherein the MYB transcription factor shares 

a sequence identity of about 50% to about 100% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ED NO:6, 
and SEQ ID NO:8. 

20 58 The method of claim 54, wherein the MYB transcription factor shares 

a sequence identity of about 65% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ED NO:4, SEQ ID NO:6, 
and SEQ ID NO 8 

25 59 The method of claim 54, wherein the MYB transcription factor shares 

a sequence identity of about 70% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8 
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60. The method of claim 54, wherein the increased expression of the 
MYB transcription factor increases the stress tolerance of the plant. 

61 . The method of claim 60, wherein the stress tolerance comprises salt 
5 stress tolerance. 

62. The method of claim 60, wherein the stress tolerance comprises 
drought stress tolerance. 

10 63. The method of claim 60, wherein the stress tolerance comprises cold 

stress tolerance. 

64. The method of claim 60, wherein the stress tolerance comprises heat 
stress tolerance. 

15 

65. The method of claim 54, wherein the nucleic acid sequence is a DNA 
sequence. 

66. The method of claim 54, wherein the nucleic acid sequence is an 
20 RNA sequence. 

67. The method of claim 54, wherein the nucleic acid sequence is a single 
stranded sequence. 

25 

68. The method of claim 54, wherein the nucleic acid sequence is a 
double stranded sequence. 

69. The method of claim 54, wherein said plant is selected from the 
30 group consisting of whole plants, plant parts and progeny thereof 
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70. A method of increasing the stress tolerance of a plant comprising: 
transforming at least one plant cell with a recombinant DNA construct 

comprising a nucleic acid sequence encoding a MYB transcription factor, and 
regenerating a transgenic plant from the transformed cell, wherein the 
5 expression of the MYB transcription factor is increased relative to a non- 
transformed plant and whereby the increased expression of the MYB transcription 
factor confers enhanced stress tolerance to the plant. 

71. The method of claim 70, wherein said MYB transcription factor is 
1 0 selected from the group consisting of MYB60, MYB74, MYB75 and MYB90. 

72. The method of claim 70, wherein said MYB transcription factor has a 
sequence selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ 
ID NO:6, and SEQ ID NO:8 

15 

73. The method of claim 70, wherein the MYB transcription factor shares 
a sequence identity of about 50% to about 100% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO 4, SEQ ID NO:6, 
and SEQ ID NO:8. 

20 

74. The method of claim 70, wherein the MYB transcription factor shares 
a sequence identity of about 65% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQlDNO:8. 

25 

75. The method of claim 70, wherein the MYB transcription factor shares 
a sequence identity of about 70% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8 

30 
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76. The method of claim 70, wherein the stress tolerance comprises salt 
stress tolerance. 

5 77. The method of claim 70, wherein the stress tolerance comprises 

drought stress tolerance. 

78. The method of claim 70, wherein the stress tolerance comprises cold 
stress tolerance. 

10 

79. The method of claim 70, wherein the stress tolerance comprises heat 
stress tolerance. 

80. The method of claim 70, wherein the nucleic acid sequence is a DNA 
1 5 sequence. 

8 1 . The method of claim 70, wherein the nucleic acid sequence is an 
RNA sequence. 

20 82. The method of claim 70, wherein the nucleic acid sequence is a single 

stranded sequence 

83. The method of claim 70, wherein the nucleic acid sequence is a 
double stranded sequence. 

25 

84. The method of claim 70, wherein said plant is selected from the 
group consisting of whole plants, plant parts and progeny thereof. 
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85. A method for enhancing a plant's sensitivity to stress comprising 
transforming said plant with a vector as claimed in claim 22. 

86. The method of claim 85, wherein said plant is selected from the 
5 group consisting of whole plants, plant parts and progeny thereof 

87. A method of producing a stress sensitive transgenic plant having a 
reduced level of MYB transcription factors comprising: 

transforming a plant with a vector comprising an antisense nucleic acid 
10 molecule substantially complementary to at least a portion of a DNA molecule 
encoding a MYB transcription factor or at least a portion of an RNA sequence 
encoded by the DNA molecule encoding said MYB transcription factor; and 
regulatory sequences operatively linked to the antisense nucleic acid molecule; 

allowing the plant to grow to at least a plantlet stage; 
1 5 assaying the transformed plant or plantlet for altered MYB activity and/or 

environmental stress sensitivity; and 

selecting and growing a plant having altered MYB activity and/or 
environmental stress sensitivity compared to a non-transformed plant. 

20 88. The method of claim 87, wherein said MYB transcription factor is 

selected from the group consisting of MYB60, MYB 74, MYB75 and MYB90. 

89. The method of claim 87, wherein said MYB transcription factor has a 
sequence selected from the group consisting of SEQ ID NO:2, SEQ ED NO:4, SEQ 

25 ID NO:6, and SEQ ID NO:8. 

90. The method of claim 87, wherein said MYB transcription factor 
shares a sequence identity of about 50% to about 100% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 

30 and SEQ ID NO:8. 
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91 . The method of claim 87, wherein said MYB transcription factor 
shares a sequence identity of about 65% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ DD NO:4, SEQ ID NO:6, 
and SEQIDNO:8. 

5 

92. The method of claim 87, wherein said MYB transcription factor 
shares a sequence identity of about 70% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 

10 and SEQIDNO:8. 

93. The method of claim 87, wherein said plant is selected from the 
group consisting of whole plants, plant parts and progeny thereof. 

1 5 94. The method of claim 87, wherein said plant acts as an environmental 

monitor. 

95. A transgenic plant produced by the transformation of at least one cell 
of a plant with the recombinant vector of claim 1 1 . 

20 

96. The transgenic plant of claim 95, wherein the plant is selected from 
the group consisting of whole plants, plant parts and progeny thereof. 

97. A transgenic plant produced by the transformation of at least one cell 
25 of a plant with the recombinant vector of claim 22. 

98. The transgenic plant of claim 97, wherein the plant is selected from 
the group consisting of whole plants, plant parts and progeny thereof. 
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99. A seed produced by the transformation of at least one cell of a seed, 
plant, plant part or progeny thereof with the recombinant vector of claim 1 1 . 

100. A seed produced by the transformation of at least one cell of a seed, 
5 plant, plant part or progeny thereof with the recombinant vector of claim 22. 

101. A method of screening a plant for stress tolerance comprising 
screening the expression level of a stress tolerance-related MYB 

transcription factor in a plant. 

10 

102. The method of claim 101, wherein the plant is selected from the 
group consisting of whole plants, plant parts and progeny thereof. 

103. A transgenic plant stably transformed with a nucleic acid molecule 

15 comprising a MYB gene, which is expressed so as to enhance stress tolerance of said 
plant. 

104. The transgenic plant of claim 103, wherein the plant is selected from 
the group consisting of whole plants, plant parts and progeny thereof. 

20 

105. The transgenic plant of claim 103, wherein said nucleic acid molecule 
further comprises a screenable marker gene. 

106. A transgenic plant stably transformed with a nucleic acid molecule 
25 that encodes an RNA molecule which is substantially homologous to at least a 

portion of an RNA transcript of a plant MYB gene, wherein said plant MYB gene 
hybridizes under low stringency conditions with a nucleic acid sequence encoding a 
MYB transcription factor selected from the group consisting of MYB60, MYB 74, 
MYB75 and MYB90, and wherein said DNA molecule is expressed so as to enhance 
30 stress sensitivity of said plant. 
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1 07. The transgenic plant of claim 106, wherein the plant is selected from 
the group consisting of whole plants, plant parts and progeny thereof. 

5 108. The transgenic plant of claim 106, wherein said nucleic acid molecule 

further comprises a screenable marker gene. 

109. An isolated nucleic acid molecule comprising a sequence that 
encodes a plant stress tolerance-related MYB transcription factor, wherein said 

1 0 MYB transcription factor comprises a MYB transcription factor selected from the 
group consisting of MYB60, MYB 74, MYB75 and MYB 90. 

110. The isolated nucleic acid molecule of claim 109, wherein the DNA 
molecule hybridizes under low stringency conditions with a nucleic acid sequence 

15 selected from the group consisting of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5 
and SEQ ID NO:7 or a variant of the isolated nucleic acid molecule. 

111. The isolated nucleic acid molecule of claim 109, wherein the DNA 
molecule hybridizes under low stringency conditions with a nucleic acid sequence 

20 encoding an amino acid sequence selected from the group consisting of SEQ ID 
N02, SEQ ID NO:4, SEQ ID NO:6 and SEQ ID NO:8 or a variant of the isolated 
nucleic acid molecule. 

112. An isolated nucleic acid molecule which encodes an RNA molecule 
25 which is substantially homologous to at least a portion of an RNA transcript of a 

plant MYB gene, wherein said plant MYB gene hybridizes under low stringency 
conditions with a nucleic acid sequence encoding plant stress sensitivity-related 
MYB transcription factor selected from the group consisting of MYB60, MYB74, 
MYB75 and MYB90. 

30 
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113. The isolated nucleic acid molecule of claim 1 12, wherein the said 
plant MYB gene hybridizes under low stringency conditions with a nucleic acid 
sequence selected from the group consisting of SEQ ID NO:l, SEQ ID NO:3, SEQ 
ED NO:5 and SEQ ID NO:7 or a variant of the isolated nucleic acid molecule. 

5 

1 14. The isolated nucleic acid molecule of claim 1 12, wherein the said 
plant MYB gene hybridizes under low stringency conditions with a nucleic acid 
sequence encoding a plant stress sensitivity-related MYB transcription factor having 
an amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ 

1 0 TD NO:4, SEQ ID NO:6 and SEQ ID NO:8 or a variant of the isolated nucleic acid 
molecule. 

115. A method for increasing the stress resistance of a crop in a field 
comprising planting in the field seeds or plants comprising transgenic plants or seeds 

1 5 transformed with the vector of claim 1 1 . 



116. A method of inhibiting the expression of MYB genes in a plant cell, 
said method comprising: 

(1) integrating into the genome of a plant a vector comprising (a) an 

20 antisense nucleic acid molecule substantially complementary to (i) at least a portion 
of a DNA molecule encoding a MYB transcription factor selected from the group 
consisting of MYB60, MYB 74, MYB75 and MYB90, or (ii) at least a portion of an 
RNA sequence encoded by the DNA molecule encoding said MYB transcription 
factor; and (b) regulatory sequences operatively linked to the antisense nucleic acid 

25 molecule such that the nucleic acid molecule is expressed in a plant cell into which it 
is transformed; and 

(2) growing said plant, whereby said antisense nucleic acid molecule is 
transcribed, whereby expression of said MYB gene is inhibited. 
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117. A method of assaying environmental conditions of a field comprising 
planting at least one plant as in claim 103 in a field; and 
monitoring for growth of said plant. 

5 1 1 8. A method of assaying environmental conditions of a field comprising 

planting at least one plant as in claim 106 in a field; and 
assaying for growth of said plant. 

119. A method of increasing the production of products of the 
10 phenylpropanoid biosynthesis pathway in a plant comprising: 

transforming a plant cell with a recombinant DNA construct comprising a 
nucleic acid sequence encoding aMYB transcription factor; and 

regenerating a transgenic plant from the transformed cell, wherein the 
expression of the MYB transcription factor increases the expression of genes 
1 5 encoding gene products affecting the phenylpropanoid pathway, thereby increasing 
the production of products of the phenylpropanoid biosynthesis pathway. 

120. The method of claim 1 1 9, wherein the products of the 
phenylpropanoid pathway include one or more of stilbenes, flavonoids, lignins, 

20 salicylic acid, anthocyanins, and phenolic derivatives. 
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AtMYB60 

• CDNA « 949 % - i - . \ 

. p^ = ^>- ££ 0 ^ ie o lift. 



61 



181 
241 
301 
361 

421 
481 



601 
661 
721 
781 



901 



GAGAGAG AAAGAJGGGTAGG CCTCCATGCTGTGACAAGATAGGGATCAAGAAAGGACCAT 
M' G R P P C C D K I G I K K G P W 

GGACTCCTGAAGAAGATATCATTCTTGTTTCTTACT 

TPBBDIILVSYI'QBH.GPGNW 



121 GGAGATCAGTTCCCACCAACACIt3GGTTATTGAGATG 

R SVPT-HTGLLRCSKSCRLRW 



GGACAAATTATCTGAGACCTGGAATTAAACGTGGAAACT1TACT 

T N y L R P G I KRGWF T PHEEGM 

tgatcattcacttgcaag CCTTATTGGGTAACAAATGGGCGTCCATAGCTTCATACCTAC 
T IHLOALLGNKWASI AS YL P 

CACAAAGAACGGACAATGATATCAAGAACTACTGGAA^ 

n P g P w n -r v w v w *r t w t. | y K L — H_ 
MYB60FII 

ACA AGTCTGACAGTGATGAGAGGAGC AGATCAGAGAACATTC 

K S D S D E R S RS BNIALQTSST 

CAAGAAAC^CCATTAATCATAGATXHACCTATC 

rNTINHRSTYASST ENISR L 

TTGTGGAGGGTTGGATGAGAGCGTCTCCAAAGAGTAGTACAAGTACT 

VEGWMRAS PKSSTST T F I* E H 



54 1 AC^AAATGCAGAACCGGACAAACAATTTCATCXi^ 

KMQNRTNN FIDHHSDQFP YE 



AGCAG CTTCAAGGTTCTAGGGAAGAGGGTCATAGCAAAGGAATCAACGGGGATGATGACC 
QLOG S REEGH S KG IN G D-D D Q 

AGGGTATAAAGAATTCAGAGAATAAC^CGGTGATGA^ 

GIKNSENNNGDDVH HEDGDH 

ATGAGGATGATGATG&TCATAATGCAACACCACCATTG 

E D D D DHKATPPLTFI E K W L L 

MYB60RXII 



TGGAG<3AAACAAGTACTACTGGGGGTCAAATGGAAGAGATGAj__ 

BET.STTGGQMBBM_SHI.MBLS 



841 g^gBTGCTTTAATTGTGACAT^ 
N M L * 



TAAATGAGACTACTAATTTTATATACACAAATAAAGAAACCAGAAAGAC 

\ 



ft 
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AtMYB74 

• CDNA «= 901 hj> 

• rcptlie = 260 an . \ 

\GAAGAAGAAACCATTATTCAACTTCACGGCAT 
F E E E E 



241 




CATGGG A^^CARGTGGTCTGCGATTGCGGCTCGTTTGCCTGGAAGAA 
61 UMiv>w WKWQATAARL P GP T DM E l 
M= J2— V KWSAI A A K 1* ** SyB7 4FII 

tr N YWNTHIRKR LI»KMG v 

TACACACACTCCACGTCTTGATOT^ 
181 ™ h T PRL PLLDISSILSSSI Y 

CAACTCTTCGCATCATCATCATCATCATCATCAACAACATATtSAACMGTCGAGGCT 
< ^ M Ts HHHHH.HHQQHMHM S R1«M 



T 

M S S 

30! ^TrrnTTFrS I L K Ij A T S 

\CAaCACACACGAGAACAACACGGTTAACCAAAC 



GATGAGTGATGGTAATCATCAACCATTGGTTAACCCCGAGATACTCA^ 
M S D G .N H Q 



^■^•■rTTTCAAAttau^CCACCCCAA^ "TZI—m- 
3« J 1» N Q N H V U N T H h N 11 T v Q~^~ 

C^GTAAACC^TACCAAACCGGTTACAACATGCCTGCT 
42 1 C J AA v HQYQTGY KMPGNE E LQ SW 

GTTCCCTATCSITGGATCAATTCACGAATTTCCAAGACCTCATGCCAATGAA 
F p I M D Q F T N F Q D 1. M P M K T 1 v 

CCJ^AAATTCATTGTCATACGATGATGATTGTTCGAAGTCC^^ 
5 QlT SLS YDDD CSKSNFVLBPY 

TTACTCC^CITOCITC^GTCTTCACCACACCT^^ 
601 TTACT ci^ pxS vLT.'TP88SPTPLH8 

MYB74RIH 

SSSTYINSSTCSTEDEKESX 

T^ACAGTGATAATATCACTAATTATTCGTTTGATGTTAATGO-I-1 .1 x CTCCAATTCCAATA 
721 ™ g p HITNYSFDVNGPI^QPQ* 

AACAAAACGCCATTGGAATAGAGTTATGTAAACATGCAATCATTGTATT 
901 A 
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AtMYB 75 cDNA sequence ^gR ^ |t ^ 

/-r> a r'r^rcGTACCTTTTACAATTKnTTATATATTTTACGTATCT 



«™rTr,CA^AATAAGTATGGAGAAGGCAAATGG^ 

A^rrrrTOCAGGAAAAGTTGTAGATTAAGATGGTTGAACTATTTGAAG^ ^ 

aaaccggtgcaw^g" 1 cgccttcataggcttctaggg 

™? G Sat^agtaagaaacatgaaccgtgtct^ v 



t^A^ I aP ACTTCATCTGAGTAAGAAACATGAACCGTCi II U l ij^"" ' " ^ 

^^^CGCCCATTCCTACAACACCtKSCACT 



AGAAATTCCTAAG^AAAGC^GA^ 
AAACXXKKiACACOT 



TTCCGTGTTAC 

Aminoacid sequence of AtMVB 75 

^ r „ KGLRKGA WrraDSLLRQCINKYGEGKWHQVPVRAGl^CRK^ ^fe> 
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MY390 

,DNA=1043bp ■ NucWc ^ ^ 

Peptide = 250 aa 5tQ ^ No'^ ;56CUb rto'.g 



GTCGACCCACGCGTCCGTGGGAAGCCACAATAACCCCCTATTCCTCGGCCT^ 
AAGTTTTAGAATAATCCGATAAAATACTTT^ 

MEG 

TTCXSTCCAAAGGGTTGAGGAAAGGTGCATGGACTGCTG^ 
S S K G LR KGAW-TABB DSLLRL 

ATGTATTGATAAGTATGGAGAAGGCAAATGGCATCAAGTTC 
C I D K Y G E G KWH Q V P L R AG LN 

TCGATGCAGAAAGAGTTGTAGACTAAGATGGTTGAACTATTT^^ 
R C R K S CR LR WLNYL KPS I K R 

AGGAAGACTTAGCAATGATGAAGTTGATCTTCTTC^^ 
G R T. S ND E V D LL L R L H KLLGN 

TAGGTGGTCC^^GATTCCTGGTCGATTGCCTOQTC^ TR 
pWSLlAGRLPGRTANDVKNY 
" " ^ " EST193FB 

CTGGAACACCCATCTGAGTAAAAAACATGAG TCTTCXjl'Gl'.rGTAAGTCTAAAATGAAATlA 
WNTHLSKK HESSCCKSKMKK 

GAAAAACATTATTTCCCCTCCTACAACACCGGTCCAAA 
K N I I SPP TTPVQ K I GVFKPR 

ACCTCGATCClT^CTCroTTAAOVATGGTTO 
PRS FSVNNGCSH1*NGLP EVD 

TTTAATTCCTrCATGCCTTGOACTCAAGAAAAATAATGT^ 
L I P SC LG L KK NKVC ENS I TC 

TAACAAAGATGATGAGAAAGATGATTTTGTGAATAA 
NKDDE KDDFVNKLMNGDNMW 

GTTGGAGAATTTACTGGGGGAAAACCAAGAAGCTGATGCGATTGTTGC^ 
LEN UI>G E NQEA DA I V P E ATT 

MYB90RIII 

^n<rTGAACATGGGGCCACTTTGGCGTTTGATO 
AEHGATLAFDVEQLWS LFDG 



B T V B I* D * 

CTTTCGTATITTAGTAATGTATTTTTCI^ 

AAATGGTTATGTTTCTACGTAATAAAAAAAAACGITATT^ 

AAAAAAAAAAAAAGGGCGGCCGC 
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Figures. RT-PCR analysis 
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RD22 



Rehydration 
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0 12 4 
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Figure 6. RT-PCR analysis 
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ERD10 



Reldratazlone 
I 1 



h o i 



2 4 6 6 16 24 18 
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PEG 6000 30% 
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ABA iooOm 



1 ~o i 2 



~4" 6 F 36 24 rS~ 



NaCI ZOO m A4 



I O 2 



4 6 6 24 48 



COLD^c 



2 3 5 7 




DROUGHT 



Figure 7. RT-PCR analysis 
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I 1 
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Figure 8. RT-PCR analysis 
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Rehydration 




Figure 9. RT-PCR analysis. 
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AtMYB75 



Rehydration 
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PEG 6000 3o« 
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2, o 2 4 6 8 24 48 
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Figure 10. RT-PCR analysis 
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AtMYB90 



fc o i 1.1 6 0 16 24 40 



Reldratazione 

I 1 
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PEG 6000 30* 



j 0 I 2 4 6 6 16 24 40 



ABA ioo Om 



fc O 1 * 4 6 0 16 24 40 



NaCI 200 m M 
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4°C 



10 1*357 



DROUGHT 



Figure 12. RT-PCR analysis 
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Figure 13. RT-PCR analysis 
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ABA 100 Om 



AtMYB74 



l 0 1 I 4 * g 16 14 4* 




ADH1 



ERD10 



RD22 



AtMYB 60 



Figure 14: Expression pattern of AtMYB74. ADH1. P5CS1, ERD10, RD22 e 
AtMYB^O, following treatments with ABA 100 fiM. 
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COMPARISON BETWEEN THE EXPRESSION OF 
MYB-75 AND MYB-90 GENES AND STRUCTURAL 
GENES OF PHENYLPROPANOID PATHWAY AFTER 

LIGHT TREATMENTS 



L D WHITE BLUE 



UV-A 



UV-B 



16 24 1 6 24 1 6 24 1 6 24 

•v.siy-.^ftssae: i^±,.*&z&S>j ■■ir>*&i£g:$ l * 

. mMmmi~ Wmim^si $m$£M&k 



MYB-75 Jj»3 L 



CHS 




UV-B 



L p WHITE BLUE UV-A 

1624 1 62416 24 A624 



MYB-90 
D4R **. 




L D 



WHITE BLUE 



UV-A UV-B 



#C i 



6 24 



162416241 6 24 



TSB1 



Finnic 15 MYB-75 and MYB-90 expression patterns in response to 
white blue UV-A and UV-B light are consistent with their putative 
mle in the' control of phenylpropanoid pathway: MYB-75 for the 
uDDer cart where chalcone synthase (CHS gene) represents the 
kPV enzime and MYB-90 for the lower one where dihydroflavonol-4- 
reductase (D4R gene) is required (Kubasek et al., 1992; Pelletier 
and Shirley, 1996). 

L plants grown for 6 weeks in photoperiod 16 hours light/8 h dark 

rv niants arown tor 6 weeks in photoperiod 16 hours light/8 h darfc and then preadapted to 
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phenylpropanoid metabolic pathway ^ 



salicylic acid 

S a , c n fd P,C -4» *&* 
| 1 
* 1 



stlibeni 



phenylalanine 
PAL 

cinnamic acid 

C4H 
4-coumarlc acid 




naringerln chalcone 

chi y 

naringerln 

F3H 



F3'H (tt7) 

dlhydroquercetln < ; n dihydrokaempferol 



FS,||tt6 

quercetin 1,3 4 D4R 
colorless 
flavonol 

leucocyanidin 



tt3 



D4R 



AS 



leucopelargonidin 
L*> tannins H AS 




tannins 

red cyanidin brick red pelargonidin 

3GT, RT, 5GT 

red/purple anthocyanin 



I 



tt8/ttg 
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SEQUENCE LISTING 

<110> BASF, Inc. 

<120> MYB Transcription Factors and Uses 
Thereof 

<130> 789-83 

<14 0> Not Assigned 
<141> 2000-11-06 

<150> 60/163,579 
<151> 1999-11-05 

<150> 09/693,855 
<151> 2000-10-23 

<160> 13 

<170> FastSEQ for Windows Version 4.0 

<210> 1 

<211> 949 

<212> DNA 

<213> Plant 

<220> 

<221> CDS 

<222> (12) . . . (854) 

<400> 1 

gagagagaaa g atg ggt agg cct cca tgc tgt gac aag ata ggg ate aag 50 

Met Gly Arg Pro Pro Cys Cys Asp Lys lie Gly lie Lys 
1 5 10 

aaa gga cca tgg act cct gaa gaa gat ate att ctt gtt tct tac att 98 
Lys Gly Pro Trp Thr Pro Glu Glu Asp lie lie Leu Val Ser Tyr He 
15 20 25 

caa gaa cat ggt cct gga aac tgg aga tea gtt ccc acc aac act ggg 146 
Gin Glu His Gly Pro Gly Asn Trp Arg Ser Val Pro Thr Asn Thr Gly 
30 35 40 45 

tta ttg aga tgc age aaa agt tgt aga ctg aga tgg aca aat tat ctg 194 
Leu Leu Arg Cys Ser Lys Ser Cys Arg Leu Arg Trp Thr Asn Tyr Leu 
50 55 60 

aga cct gga att aaa cgt gga aac ttt act cct cat gaa gaa gga atg 242 
Arg Pro Gly He Lys Arg Gly Asn Phe Thr Pro His Glu Glu Gly Met 
65 70 75 

ate att cac ttg caa gec tta ttg ggt aac aaa tgg gcg tec ata get 290 
He He His Leu Gin Ala Leu Leu Gly Asn Lys Trp Ala Ser He Ala 
80 85 90 

tea tac eta cca caa aga acg gac aat gat ate aag aac tac tgg aac 338 
Ser Tyr Leu Pro Gin Arg Thr Asp Asn Asp He Lys Asn Tyr Trp Asn 
95 ~ 100 105 

aca cat tta aag aag aag etc aac aag tct gac agt gat gag agg age 386 
Thr His Leu Lys Lys Lys Leu Asn Lys Ser Asp Ser Asp Glu Arg Ser 

1 
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110 115 120 125 

aga tea gag aac att gcg ctg caa act tct teg aca aga aac acc att 434 
Arg Ser Glu Asn lie Ala Leu Gin Thr Ser Ser Thr Arg Asn Thr lie 
130 135 140 

aat cat aga tct acc tat get tea age aca gaa aac att tec cgc ctt 482 
Asn His Arg Ser Thr Tyr Ala Ser Ser Thr Glu Asn lie Ser Arg Leu 
145 ' 150 155 

*?tg gag ggt tgg atg aga gcg tct cca aag agt agt aca agt act act 530 
Val Glu Gly Trp Met Arg Ala Ser Pro Lys Ser Ser Thr Ser Thr Thr 
160 165 170 

tec ttg gaa cac aaa atg cag aac egg aca aac aat ttc ate gat cat 578 
Phe Leu Glu His Lys Met Gin Asn Arg Thr Asn Asn Phe lie Asp His 
175 ' 180 185 

cac agt gat cag ttt cca tae gag cag ctt caa ggt tct agg gaa gag 626 
His Ser Asp Gin Phe Pro Tyr Glu Gin Leu Gin Gly Ser Arg Glu Glu 
190 195 200 205 

ggt cac age aaa gga ate aac ggg gat gat gac cag ggt ata aag aat 674 
Gly His Ser Lys Gly lie Asn Gly Asp Asp Asp Gin Gly lie Lys Asn 
210 215 220 

tea gag aat aac aac ggt gat gat gtt cat cat gaa gat ggt gat cat 722 
Ser Glu Asn Asn Asn Gly Asp Asp Val His His Glu Asp Gly Asp His 
225 230 235 

gag gat gat gat gat cat aat gca aca cca cca ttg aca ttt att gag 770 
Glu Asp Asp Asp Asp His Asn Ala Thr Pro Pro Leu Thr Phe lie Glu 
240 245 250 

aaa tgg ctt ttg gag gaa aca agt act act ggg ggt caa atg gaa gag 818 
Lys Trp Leu Leu Glu Glu Thr Ser Thr Thr Gly Gly Gin Met Glu Glu 
255 260 265 

atg age cac ttg atg gag etc tct aat atg ctt taa ttgtgacatt 864 
Met Ser His Leu Met Glu Leu Ser Asn Met Leu * 
270 275 280 

ttetccttta ttttttettt atccttgtga atcttataaa tgagactact aattttatat 924 
acacaaataa agaaaccac^a aagac 949 

<210> 2 

<211> 280 

<212> PRT 

<213> Plant 

<400> 2 

Met Gly Arg Pro Pro Cys Cys Asp Lys lie Gly lie Lys Lys Gly Pro 

15 10 15 

Trp Thr Pro Glu Glu Asp lie lie Leu Val Ser Tyr lie Gin Glu His 

20 25 30 

Gly Pro Gly Asn Trp Arg Ser Val Pro Thr Asn Thr Gly Leu Leu Arg 

35 40 ' 45 

Cys Ser Lys Ser Cys Arg Leu Arg Trp Thr Asn Tyr Leu Arg Pro Gly 

50 55 60 

lie Lys Arg Gly Asn Phe Thr Pro His Glu Glu Gly Met lie lie His 
65 70 75 80 

Leu Gin Ala Leu Leu Gly Asn Lys Trp Ala Ser lie Ala Ser Tyr Leu 
85 90 95 
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Pro 


Gin 


ArQ 


Thr 


Asp 


Asn 


Asp 


He 


Lys 


Asn 


Tyr 


Trp 


Asn 


Thr 


His 


Leu 






100 










105 










110 






Lys 


Lys 


Lvs 
115 


Leu 


Asn 


Lys 


Ser 


Asp 
120 


Ser 


Asp 


Glu 


Arg 


Ser 
125 


Arg 


Ser 


Glu 


Asn 


He 
130 


Ala 


Leu 


Gin 


Thr 


Ser 
135 


Ser 


Thr 


Arg 


Asn 


Thr 
140 


He 


Asn 


His 


Arg 


Ser 


Thr 


Tvr 


Ala 


Ser 


Ser 


Thr 


Glu 


Asn 


He 


Ser 


Arg 


Leu 


Val 


Glu Gly 


145 








150 










155 










160 


Trp 


Met 


Arg 


Ala 


Ser 


Pro 


Lys 


Ser 


Ser 


Thr 


Ser 


Thr 


Thr 


Phe 


Leu 


Glu 








165 










170 










175 




His 


Lys 


Met 


Gin 


Asn 


Arq 


Thr 


Asn 


Asn 


Phe 


He 


Asp 


His 


His 


Ser Asp 






180 










185 










190 






Gin 


Phe 


Pro 


Tvr 


Glu 


Gin 


Leu 


Gin 


Gly 


Ser 


Arg 


Glu 


Glu 


Gly 


His 


Ser 






195 








200 










205 








Lvs 


Glv 
210 


He 


Asn 


Gly 


Asp 


Asp 
215 


Asp 


Gin 


Gly 


He 


Lys 
220 


Asn 


Ser 


Glu 


Asn 


Asn 


Asn 


Glv 


Asp 


Asp 


Val 


His 


His 


Glu 


Asp 


Gly 


Asp 


His 


Glu 


Asp 


Asp 


225 










230 










235 










240 


Asp 


Asp 


His 


Asn 


Ala 


Thr 


Pro 


Pro 


Leu 


Thr 


Phe 


He 


Glu 


Lys 


Trp 


Leu 






245 










250 










255 




Leu 


Glu 


Glu 


Thr 
260 


Ser 


Thr 


Thr 


Gly 


Gly 
265 


Gin 


Met 


Glu 


Glu 


Met 
270 


Ser 


His 


Leu 


Met 


Glu 

275 


Leu 


Ser 


Asn 


Met 


Leu 
280 



















<210> 3 
<211> 901 
<212> DNA 
<213> Plant 

<220> 

<221> CDS 

<222> (2) . . . (781) 

<400> 3 

t att aag cgt gga aga ttc tct ttt gaa gaa gaa gaa acc att att caa 49 

He Lys Arg Gly Arg Phe Ser Phe Glu Glu Glu Glu Thr He He Gin 

15 10 15 

ctt cac ggc ate atg gga aac aag tgg tct gcg att gcg get cgt ttg 97 
Leu His Gly He Met Gly Asn Lys Trp Ser Ala He Ala Ala Arg Leu 
20 25 30 

cct gga aga aca gac aac gag ate aaa aac tat tgg aac act cac ate 145 
Pro Gly Arg Thr Asp Asn Glu He Lys Asn Tyr Trp Asn Thr His lie 
35 40 45 

aga aaa aga ctt eta aag atg gga ate gac ccg gtt aca cac act cca 193 
Arg Lys Arg Leu Leu Lys Met Gly lie Asp Pro Val Thr His Thr Pro 
50 55 60 

cgt ctt gat ctt etc gat ate tec tec att etc age tea tct ate tac 241 
Arg Leu Asp Leu Leu Asp lie Ser Ser He Leu Ser Ser Ser lie Tyr 
65 70 75 80 

aac tct teg cat cat cat cat cat cat cat caa caa cat atg aac atg 289 
Asn Ser Ser His His His His His His His Gin Gin His Met Asn Met 
85 90 95 

teg agg etc atg atg agt gat ggt aat cat caa cca ttg gtt aac ccc 337 
Ser Arg Leu Met Met Ser Asp Gly Asn His Gin Pro Leu Val Asn Pro 
100 " 105 110 
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gag ata etc aaa etc aac etc tct etc ttt tea aac caa aac cac cec 385 
Glu lie Leu Lys Leu Asn Leu Ser Leu Phe Ser Asn Gin Asn His Pro 
115 120 125 

aac aac aca cac gag aac aac acg gtt aac caa ace gaa gta aac caa 433 
Asn Asn Thr His Glu Asn Asn Thr Val Asn Gin Thr Glu Val Asn Gin 
130 135 140 

tac caa ace ggt tac aac atg cct ggt aat gaa gaa tta caa tct tgg 481 
Tyr Gin Thr Gly Tyr Asn Met Pro Gly Asn Glu Glu Leu Gin Ser Trp 
145 150 155 160 

ttc cct ate atg gat caa ttc acg aat ttc caa gac etc atg eca atg 529 
Phe Pro He Met Asp Gin Phe Thr Asn Phe Gin Asp Leu Met Pro Met 
165 170 175 

aag acg acg gtc caa aat tea ttg tea tac gat gat gat tgt teg aag 577 
Lys Thr Thr Val Gin Asn Ser Leu Ser Tyr Asp Asp Asp Cys Ser Lys 
180 185 190 

tec aat ttt gta tta gaa cct tat tac tec gac ttt get tea gtc ttg 625 
Ser Asn Phe Val Leu Glu Pro Tyr Tyr Ser Asp Phe Ala Ser Val Leu 
195 200 205 

ace aca cct tct tea age ccg act ccg tta aac tea agt tec tea act 673 
Thr Thr Pro Ser Ser Ser Pro Thr Pro Leu Asn Ser Ser Ser Ser Thr 
210 215 220 

tac ate aat agt age act tgc age ace gag gat gaa aaa gag agt tat 721 
Tyr He Asn Ser Ser Thr Cys Ser Thr Glu Asp Glu Lys Glu Ser Tyr 
225 230 235 240 

tac agt gat aat ate act aat tat teg ttt gat gtt aat ggt ttt etc 769 
Tyr Ser Asp Asn He Thr Asn Tyr Ser Phe Asp Val Asn Gly Phe Leu 
245 250 255 

caa ttc caa taa acaaaacgee attggaatag agttatgtaa acatgeaate 821 
Gin Phe Gin 



attgtatttg ttatatagat tttgttacat atccaaaatc caaaataeta tagttttaaa 881 
ataaaaaaaa aaaaaaaaaa 901 

<210> 4 
<211> 259 
<212> PRT 
<213> Plant 



<400> 4 



He 


Lys 


Arg Gly Arg 


Phe 


Ser 


Phe 


Glu 


Glu 


Glu 


Glu 


Thr 


lie 


lie 


Gin 


1 








5 










10 










15 




Leu 


His 


Gly 


lie 


Met 


Gly Asn 


Lys 


Trp 


Ser 


Ala 


lie 


Ala 


Ala 


Arg 


Leu 








20 










25 










30 






Pro 


Gly 


Arg 


Thr 


Asp 


Asn 


Glu 


He 


Lys 


Asn 


Tyr 


Trp 


Asn 


Thr 


His 


lie 






35 










40 










45 








Arg 


Lys 


Arg 


Leu 


Leu 


Lys 


Met 


Gly 


He Asp 


Pro 


val 


Thr 


His 


Thr 


Pro 




50 










55 










60 










Arg 


Leu 


Asp 


Leu 


Leu 


Asp 


lie 


Ser 


Ser 


lie 


Leu 


Ser 


Ser 


Ser 


lie 


Tyr 


65 










70 










75 










80 


Asn 


Ser 


Ser 


His 


His 


His 


His 


His 


His 


His 


Gin 


Gin 


His 


Met 


Asn 


Met 










85 










90 










95 




Ser 


Arg 


Leu 


Met 


Met 


Ser 


Asp 


Gly Asn 


His 


Gin 


Pro 


Leu 


Val 


Asn 


Pro 
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100 










105 










110 






Glu 


lie 


Leu 


Lys 


Lsu 


Asn 


Leu 


Ser 


Leu 


Phe 


Ser 


Asn 


Gin 


Asn 


His 


Pro 






115 








120 










125 








Asn 


Asn 


Thr 


His 


Glu 


Asn 


Asn 


Thr 


Val 


Asn 


Gin 


Thr 


Glu 


Val 


Asn 


Gin 




130 










135 










140 










Tvr 


Gin 


Thr 


Glv 


Tvr 


Asn 


Met 


Pro 


Gly 


Asn 


Glu 


Glu 


Leu 


Gin 


Ser 


Trp 


145 








150 










155 










160 


Phe 


Pro 


lie 


Met 


Asp 


Gin 


Phe 


Thr 


Asn 


Phe 


Gin 


Asp 


Leu 


Met 


Pro 


Met 










165 










170 










175 




Lys 


Thr 


Thr 


Val 


Gin 


Asn 


Ser 


Leu 


Ser 


Tyr Asp 


Asp Asp 


Cys 


Ser 


Lys 






180 










185 










190 






Ser 


Asn 


Phe 


Val 


Leu 


Glu 


Pro 


Tyr 


Tyr 


Ser 


Asp 


Phe 


Ala 


Ser 


Val 


Leu 






195 










200 










205 








Thr 


Thr 


Pro 


Ser 


Ser 


Ser 


Pro 


Thr 


Pro 


Leu 


Asn 


Ser 


Ser 


Ser 


Ser 


Thr 




210 










215 










220 










Tyr 


lie 


Asn 


Ser 


Ser 


Thr 


Cys 


Ser 


Thr 


Glu 


Asp 


Glu 


Lys 


Glu 


Ser 


Tyr 


225 










230 










235 










240 


Tyr 


Ser 


Asp 


Asn 


lie 


Thr 


Asn 


Tyr 


Ser 


Phe 


Asp 


Val 


Asn Gly 


Phe 


Leu 








245 










250 










255 




Gin 


Phe 


Gin 





























<210> 5 

<211> 933 

<212> DNA 

<213> Plant 

<400> 5 
ccacgcgtcc 
ggagggttcg 
gagacagtgc 
gctaaaccgg 
caagagagga 
tctagggaat 
cgtcaagaat 
gatgaaaaag 
taagcctcga 
aaaagt tgac 
gtatcatata 
ataatatgtg 
agcgacgaca 
tttcgatgga 
taggtttgct 
tt tttaatga 

<210> 6 
<211> 211 
<212> PRT 
<213> Plant 



gtacctttta 
tccaaagggc 
attaataagt 
tgcaggaaaa 
aaacttagct 
aggtggtctt 
tactggaaca 
agagacat ta 
cctcgatcct 
gt taatcctc 
caacaaagat 
gt tagagaaa 
acagaaaagg 
gagactgtga 
ttcacctttt 
aatatttcaa 



caatttgttt 
tgcgaaaagg 
atggagaagg 
gttgtagatt 
ctgatgaagt 
taattgcttt 
ctcatctgag 
cgcccattcc 
tcacagttaa 
catgccttgg 
aagaagaaag 
ttcctaagga 
gggacacctt 
aatt tgatta 
aatttgtgtg 
gtttccgtgt 



atatatttta 
tgcttggact 
caaatggcac 
aagatggttg 
tttcgatctt 
tggaagatta 
taagaaacat 
tacaacaccg 
caacgactgc 
acttaacatc 
accaactagt 
aagccaagag 
ggcttttgac 
gtgtttcgaa 
ttttgataaa 
tac 



cgtatctatc 
actgaagaag 
caagttcctg 
aactatttga 
cttcttcgcc 
cctggtcgga 
gaaccgtgtt 
gcactaaaaa 
aaccatctca 
aattaatgtt 
gaataatttg 
gtagatattt 
gt tgatcaac 
catttgtttg 
taagctaata 



tttgttccat 
atagtctcttr 
taagagctgg 
agccaagtat 
ttcataggct 
ccgcaaatga 
gtaagataaa 
acaatgttta 
atgccccacc 
tgtgacaata 
attgatggag 
tggt tccgga 
tttggagtct 
cgtttgtgta 
gtttttagca 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

933 



<400> 6 

Met Glu Gly Ser Ser Lys Gly Leu Arg Lys Gly Ala Trp Thr Thr Glu 

15 10 15 

Glu. Asp Ser Leu Leu Arg Gin Cys lie Asn Lys Tyr Gly Glu Gly Lys 

20 25 30 

Trp His Gin Val Pro Val Arg Ala Gly Leu Asn Arg Cys Arg Lys Ser 

3 5 4 0 4 5 

Cys Arg Leu Arg Trp Leu Asn Tyr Leu Lys Pro Ser lie Lys Arg Gly 

50 55 60 

Lys Leu Ser Ser Asp Glu Val Asp Leu Leu Leu Arg Leu His Arg Leu 
65 70 75 80 

Leu Gly Asn Arg Trp Ser Leu He Ala Gly Arg Leu Pro Gly Arg Thr 
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85 90 95 



Ala 


Asn 


Asp 


Val 
100 


Lys 


Asn 


Tyr 


Trp 


Asn 
105 


Thr 


His 


Leu 


Ser 


Lys 
110 


Lys 


His 


Glu 


Pro 


Cys 
115 


Cys 


Lys 


He 


Lys 


Met 
120 


Lys 


Lys 


Arg 


Asp 


He 
125 


Thr 


Pro 


He 


Pro 


Thr 
130 


Thr 


Pro 


Ala 


Leu 


Lys 
135 


Asn 


Asn 


Val 


Tyr 


Lys 
140 


Pro 


Arg 


Pro 


Arg 


Ser 


Phe 


Thr 


Val 


Asn 


Asn 


Asp 


Cys 


Asn 


His 


Leu 


Asn 


Ala 


Pro 


Pro 


Lys 


145 










150 










155 










160 


Val 


Asp 


Val 


Asn 


Pro 
165 


Pro 


Cys 


Leu 


Gly 


Leu 
170 


Asn 


He 


Asn 


Asn 


Val 
175 


Cys 


Asp 


Asn 


Ser 


His 
180 


Tyr 


Asn 


Lys 


Asp 


Lys 
185 


Lys 


Lys 


Asp 


Gin 


Leu 
190 


Val 


Asn 


Asn 


Leu 


lie 
195 


Asp 


Gly 


Asp 


Asn 


Met 
200 


Trp 


Leu 


Glu 


Lys 


Phe 
205 


Leu 


Arg 


Lys 


Ala 


Lys 
210 


Arg 





























<210> 7 
<211> 1043 
<212> DNA 
<213> Plant 

<220> 
<221> CDS 

<222> (113) . . . (862) 
<400> 7 

gtcgacccac gcgtccgtgg gaagccacaa taacccccta ttcctcggcc ttttttaaaa 60 
aagttttaga ataatccgat aaaatacttt tatattaatt tttctttggt cc atg gag 118 

Met Glu 
1 

get gaa gaa gat 166 
Ala Glu Glu Asp 
15 

ggc aaa tgg cat 214 
Gly Lys Trp His 



aag agt tgt aga 262 
Lys Ser Cys Arg 
50 

aga gga aga ctt 310 
Arg Gly Arg Leu 
65 

aag ctt eta gga 3 58 
Lys Leu Leu Gly 
80 

egg ace get aat 4 06 
Arg Thr Ala Asn 
95 

aaa cat gag tct 4 54 
Lys His Glu Ser 



att tec cct cct 502 



6 



ggt teg 
Gly Ser 



agt etc 
Ser Leu 
20 

caa gtt 
Gin Val 
35 

eta aga 
Leu Arg 



age aat 
Ser Asn 



aat agg 
Asn Arg 



gat gtc 
Asp Val 
100 

teg tgt 



tec aaa 
Ser Lys 
5 

ttg agg 
Leu Arg 



cct ttg 
Pro Leu 



tgg ttg 
Trp Leu 



gat gaa 
Asp Glu 
70 

tgg tec 
Trp Ser 
85 

aaa aat 
Lys Asn 



tgt aag 



ggg ttg 
Gly Leu 



eta tgt 
Leu Cys 



aga get 
Arg Ala 
40 

aac tat 
Asn Tyr 
55 

gtt gat 
Val Asp 



ttg att 
Leu He 



tac tgg 
Tyr Trp 



tct aaa 



agg aaa 
Arg Lys 
10 

att gat 
He Asp 
25 

ggg eta 

Gly Leu 



ttg aag 
Leu Lys 



ctt ctt 
Leu Leu 



get ggt 
Ala Gly 
90 

aac ace 
Asn Thr 
105 

atg aaa 



ggt gca 
Gly Ala 



aag tat 
Lys Tyr 



aat cga 
Asn Arg 



cca agt 
Pro Ser 
60 

ctt cgc 
Leu Arg 
75 

cga ttg 
Arg Leu 



cat ctg 
His Leu 



aag aaa 



tgg act 
Trp Thr 



gga gaa 
Gly Glu 
30 

tgc aga 
Cys Arg 
45 

ate aag 
He Lys 



ctt cat 
Leu His 



cct ggt 
Pro Gly 



agt aaa 
Ser Lys 
110 

aac att 
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Ser Cys Cys Lys Ser Lys Met Lys Lys Lys Asn He He Ser Pro Pro 
115 120 125 130 

aca aca ccg gtc caa aaa ate ggt gtt ttt aag cct cga cct cga tec 550 
Thr Thr Pro Val Gin Lys He Gly Val Phe Lys Pro Arg Pro Arg Ser 
135 140 145 

tte tct gtt aac aat ggt tgc age cat etc aat ggt ctg cca gaa gtt 598 
Phe Ser Val Asn Asn Gly Cys Ser His Leu Asn Gly Leu Pro Glu Val 
150 155 160 



gat tta att cct tea tgc ctt gga etc aag aaa aat aat gtt tgt gaa 
Asp Leu He Pro Ser Cys Leu Gly Leu Lys Lys Asn Asn Val Cys Glu 
165 170 175 

aat agt ate aca tgt aac aaa gat gat gag aaa gat gat ttt gtg aat 
Asn Ser He Thr Cys Asn Lys Asp Asp Glu Lys Asp Asp Phe Val Asn 
180 185 190 



ggg gee act ttg gcg ttt gac gtt gag caa ctt tgg agt ctg ttt cat 
Gly Ala Thr Leu Ala Phe Asp Val Glu Gin Leu Trp Ser Leu Phe His 
230 235 240 



646 



694 



aat eta atg aat gga gat aat atg tgg ttg gag aat tta ctg ggg gaa 742 
Asn Leu Met Asn Gly Asp Asn Met Trp Leu Glu Asn Leu Leu Gly Glu 
195 200 205 210 

aac caa gaa get gat gcg att gtt cct gaa gcg acg aca get gaa cat 790 
Asn Gin Glu Ala Asp Ala He Val Pro Glu Ala Thr Thr Ala Glu His 
215 220 225 



838 



gga gag act gtt gaa ctt gat tag tgtttctcac cgtttgttta agattgtggg 892 
Gly Glu Thr Val Glu Leu Asp * 
24 5 

tggcttttct ttcgtatttt agtaatgtat ttttctgtat gaagtaaaga atttcagcat 952 
tttaagaaaa atggttatgt ttctacgtaa taaaaaaaaa cgttatttat aaaaaaaaaa 1012 
aaaaaaaaaa aaaaaaaaaa agggeggecg c 1043 



<210> 8 

<211> 249 

<212> PRT 

<213> Plant 



<400> 8 






Met 


Glu 


Gly 


Ser 


1 








Glu 


Asp 


Ser 


Leu 








20 


Trp 


His 


Gin 


Val 






35 




Cys 


Arg 


Leu 


Arg 




50 






Arg 


Leu 


Ser 


Asn 


65 








Leu 


Gly 


Asn 


Arg 


Ala 


Asn 


Asp 


Val 








100 


Glu 


Ser 


Ser 


Cys 






115 




Pro 


Pro 


Thr 


Thr 




130 







Ser Lys Gly Leu 
5 

Leu Arg Leu Cys 

Pro Leu Arg Ala 
40 

Trp Leu Asn Tyr 
55 

Asp Glu Val Asp 
70 

Trp Ser Leu He 
85 

Lys Asn Tyr Trp 

Cys Lys Ser Lys 
120 

Pro Val Gin Lys 
135 



Arg 


Lys 


Gly 


Ala 




10 






He 


Asp 


Lys 


Tyr 


25 








Gly 


Leu 


Asn 


Arg 


Leu 


Lys 


Pro 


Ser 








60 


Leu 


Leu 


Leu 


Arg 






75 




Ala 


Gly Arg 


Leu 




90 






Asn 


Thr 


His 


Leu 


105 








Met 


Lys 


Lys 


Lys 


He 


Gly 


Val 


Phe 








140 



Trp 


Thr 


Ala 


Glu 






15 




Gly 


Glu 


Gly 


Lys 




30 






Cys 


Arg 


Lys 


Ser 


45 








He 


Lys 


Arg 


Gly 


Leu 


His 


Lys 


Leu 








80 


Pro 


Gly 


Arg 


Thr 






95 




Ser 


Lys 


Lys 


His 




110 






Asn 


He 


He 


Ser 


125 








Lys 


Pro 


Arg 


Pro 
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Arg 


Ser 


Phe Ser 


Val 


Asn 


Asn 


Gly 


Cys Ser His 


Leu Asn Gly 


Leu 


Pro 


145 






150 






155 










160 


Glu 


Val 


no^i Lieu 


lie 


Pro 


Ser 


Cys 


Leu Gly Leu 


Lys 


Lvs 


Asn 


Asn 


Val 






165 








170 








175 




Cvs 


Glu 


Asn Ser 


lie 


Thr 


Cys 


Asn 


Lys Asp Asp Glu 


Lys 


Asp 


Asp 


Phe 




180 










185 






190 






Val 


Asn 


Asn Leu 


Met 


Asn Gly Asp 


Asn Met Trp 


Leu 


Glu 


Asn 


Leu 


Leu 






195 








200 






205 








Gly 


Glu 


Asn Gin 


Glu 


Ala 


Asp 


Ala 


lie Val Pro 


Glu 


Ala 


Thr 


Thr 


Ala 


210 








215 






220 










Glu 


His 


Gly Ala 


Thr 


Leu 


Ala 


Phe 


Asp Val Glu 


Gin 


Leu 


Trp 


Ser 


Leu 


225 






230 






235 










240 


Phe 


His 


Gly Glu 


Thr 


Val 


Glu 


Leu 


Asp . 













245 



<210> 9 

<211> 9 

<212> DNA . 

<213> Plant 

<400> 9 

yacgttccg 9 

<210> 10 

<211> 6 

<212> DNA 

<213> Plant 

<220> 

<221> misc_feature 
<222> (1) . . • (6) 
<223> n = A,T,C or G 

<400> 10 

canntg 6 

<210> 11 

<211> 6 

<212> DNA 

<213> Plant 

<400> 11 

yaacyu 6 

<210> 12 
<211> 9 
<212> DNA 
<213> Plant 

<400> 12 

taccgacat 9 

<210> 13 
<211> 16 
<212> DNA 
<213> Plant 

<400> 13 

gaattcgtcg acaagc 16 
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MYB Transcription Factors and Uses Thereof 
Field of the Invention 

The present invention relates to nucleic acids, which encode stress tolerance- 
related or stress sensitivity-related myloblastosis (MYB) polypeptides in plants. 
5 More particularly, the present invention relates to nucleic acids that encode MYB 
transcription factors or antisense molecules complementary to MYB transcription 
factors, preferably the following MYB transcription factors: MYB60, MYB 74, 
MYB75, and MYB90 The present invention also relates to the MYB polypeptides 
themselves, as well as to variants and antibodies. thereof. The invention further 
10 relates to uses of MYB transcription factors and to plants transformed by the nucleic 
acids. The invention also relates to transgenic plants containing the MYB nucleic 
acids in antisense orientation. 

Background of the Invention 

1 5 Plant stresses such as drought, high salt concentration and high and low 

temperature are some of the most important factors affecting plant distribution on 
the earth surface. Identification of genes involved in mechanisms through which 
plants adapt to adverse conditions is an important goal for future improvement of 
crop species in their tolerance to stress, such as dehydration. Some genes involved 

20 in water stress response present myloblastosis (MYB) recognition sites in their 
promoter regions MYB proteins are a class of transcription factors, identified in 
nearly all eukaryotes, sharing a common DNA binding domain. 
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The so-called MYB domain includes two or three imperfect repeats of 50-53 
amino acids (Rl, R2 and R3) and is well conserved between MYB proteins of 
animals, yeast and plants. Although there are plant MYB-like proteins containing 
only one repeat, the DNA binding domain encoded by most of the plant MYB genes 
5 is formed by two repeats, which are most similar to repeats R2 and R3 of the animal 
cMYB proteins. Thus, MYB-related proteins from plants generally contain two 
related helix-turn-helix motifs, the R2 and R3 repeats. It has been suggested that 
MYB genes play an important role in the regulation of secondary metabolism, the 
control of cell shape, disease resistance, and hormone responses. 
10 Land plants are exposed to many types of abiotic stress. One of these is 

dehydration, which can derive from drought, low temperature and high salt 
concentration in the soil. Because under those adverse environmental conditions 
plant growth and survival are seriously affected, series of mechanisms evolved to 
respond and adapt to osmotic stress. Under water-stress conditions plant cells lose 
1 5 water and decrease turgor pressure. The plant hormone abscisic acid (ABA) 

increases as a result of water stress. ABA plays an important role in the tolerance of 
plants to drought, high salinity and cold. Water deficit is a normal component of 
some developmental processes in plants, such as seed development, common to 
most higher plants. Such a water deficit results in changes in cell volume and 
20 membrane shape, disruption of water potential gradients and membrane integrity, 
protein denaturation and changes in osmolyte concentration. 

The ability of plants to survive cellular water deficit depends on the species 
and genotype, the length and severity of water loss, the age and stage of 
development and the organ and cell type. Responses to water deficit may occur 
25 within seconds, such as modifications in membrane potential and in the 

phosphorylation status of proteins, or within minutes and hours, such as changes in 
protein composition and gene expression. 

The first functionally characterized MYB proteins in plants, Cl and PI, 
control phenylpropanoid biosynthesis in maize. Others play a role in the regulation 
30 of cell shape or in tricomes and root hair differentiation. MYB genes are involved in 

2 
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the plant response to chemical messengers such as salicylic acid and hormones or in 
the response to different external challenges and stimuli, such as light and biotic or 
abiotic stresses. In general, this family participates in the control of a widespread 
range of functions, related to plant growth, development and interactions with the 
5 environment. 

It has been estimated that the plant Arabidopsis thaliana contains more than 
100 R2R3-MYB genes. Information obtained from studying Arabidopsis can be 
applied to other flowering plants, such as those grown for fiber or food. For 
instance, once a gene has been discovered in Arabidopsis, the equivalent gene may 

10 be found more easily in other plants. Thus, the function of many genes isolated 
from crop plants can be better understood by studying their Arabidopsis 
homologues. Thus, knowledge of Arabidopsis has led to a better understanding of 
all higher plants, and to the development of disease-resistant plants in other species. 
The characterization of transcription factors that control the coordinate 

1 5 expression of multiple genes involved in stress response is very important with 
respect to improving plant tolerance. 

Summary of the Invention 

This invention is based on the cloning of full length cDNA clones encoding 

20 MYB transcription factors that result in enhanced stress tolerance in plants. The 
present invention also relates to the role of certain MYB genes in the control of the 
flavonoid and phenylpropanoid pathways. The nucleotide sequences, antisense 
sequences and corresponding amino acid sequences are disclosed herein. 

The present invention relates to nucleic acid molecules that encode MYB 

25 transcription factors, complementary antisense nucleic acids, the MYB transcription 
factors themselves, and variants and antibodies thereof. Preferred MYB 
transcription factors according to the present invention are MYB60, MYB74, 
MYB75, and MYB 90. Certain MYB transcription factors are included in a journal 
article, "Towards functional characterisation of the members of the R2R3-MYB 

30 gene family from Arabidopsis thaliana" The Plant Journal, 1 6(2), 263-276 (1 998), 
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which is herein incorporated by reference in its entirety. The present invention also 
relates to uses of MYB transcription factors. Preferred uses include producing stress 
tolerant plants and in the case of antisense, producing stress sensitive plants that may 
preferably act as environmental monitors. The present invention further relates to 
5 plants transformed by vectors from such nucleic acid molecules. 

The present invention provides a method for genetic modification of plants to 
control the stress tolerance of plants, for example to drought, temperature and salt, or 
to increase the stress sensitivity of plants, such that they may be used as 
environmental monitors. 

1 o In one aspect, the present invention is directed to nucleic acid molecules that 

comprise a sequence encoding a stress tolerance-related MYB transcription factor in 
a plant. Preferably, the MYB transcription factor is selected from the group of 
MYB60, MYB 74, MYB75 and MYB90. Even more preferably, the nucleic acid has 
a sequence that encodes one of SEQ ID NOs. 2, 4, 6 or 8. 

1 5 in another embodiment of the invention, the present invention is directed to 

an isolated nucleic acid molecule that has sequence that encodes a plant stress 
tolerance-related MYB transcription factor. Preferably the MYB transcription factor 
is one of the following transcription factors: MYB60, MYB74, MYB75 and 
MYB90. Even more preferably, the DNA molecule hybridizes under low stringency 

20 conditions with one of the following nucleic acid sequences SEQ ID NO: 1 , SEQ ID 
NO:3, SEQ ID NO:5 and SEQ ID NO:7 or a variant of the isolated nucleic acid 
molecule. 

In another embodiment of the invention, there is provided a MYB 
polypeptide that is a plant stress tolerance-related MYB transcription factor. A 
25 preferred MYB polypeptide has the amino acid sequence of one of SEQ ED NOs: 2, 
4, 6 or 8, or is a variant thereof. Also encompassed by the present invention are 
variants and antibodies of the polypeptides of the present invention. 

The invention is further directed to a vector for transformation of plant cells. 
The invention also provides a plant cell transformed with the vector as 
30 described above, a plantlet, mature plant or seeds generated from such a cell, or a 

4 
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plant part of such a plantlet or plant. Also provided is a method of producing a plant 
having enhanced stress tolerance, or in the case of antisense, producing a plant 
having increased sensitivity, by transforming the plant. Plants and seeds produced 
as described herein, or progeny, hybrids, clones or plant parts preferably exhibit 
5 increased stress tolerance or increased stress sensitivity. 

Further provided are methods for enhancing a plant's tolerance to stress, or 
in the case of antisense, increasing stress sensitivity, by transforming the plant with a 
vector described herein. 

The nucleic acids, polypeptides, variants, antibodies, seeds and plants of the 
10 present invention may also be useful as research tools. They should find broad 

applications in the generation of transgenic plants with enhanced tolerance to stress 
and enhanced sensitivity to stress. 

Brief Description of the Drawings 
15 Figure. 1 shows a cDNA sequence encoding a AtMYB60 polypeptide (SEQ 

ID NO: 1), as well as the corresponding amino acid sequence (SEQ ID NO:2). 

Figure 2 shows a cDNA sequence encoding a AtMYB74 polypeptide (SEQ 
ID NO:3), as well as the corresponding amino acid sequence (SEQ ID NO:4). 

Figure 3 A shows a cDNA sequence encoding a AtMYB75 polypeptide (SEQ 
20 ID NO: 5). 

Figure 3B shows an amino acid sequence (SEQ ID NO:6) of an AtMYB75 
polypeptide. 

Figure 4 shows a cDNA sequence encoding a AtMYB90 polypeptide (SEQ 
ID NO:7), as well as a corresponding amino acid sequence (SEQ ID NO:8). 
25 Figure 5 shows an RT-PCR analysis of AtPSCSl . 

Figure 6 shows an RT-PCR analysis of RD22. 

Figure 7 shows an RT-PCR analysis of erdlO. 

Figure 8 shows an RT-PCR analysis of ADH1 . 

Figure 9 shows an RT-PCR analysis of AtMYB74. 
30 Figure 10 shows an RT-PCR analysis of AtMYB75. 

5 
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Figure 1 1 shows the expression patterns of AtMYB75, AtMYB74, ERD10, 
ADH1, P5CS1, and RD22, following treatment with PEG 30% and COLD 4°C. 

Figure 12 shows an RT-PCR analysis of AtMYB90. 

Figure 13 shows an RT-PCR analysis of AtMYB60. 
5 Figure 14 shows the expression patterns of AtMYB74, ADH1, P5CS1, 

ERD10, RD22e, and AtMYB60, following treatment with ABA IOOjiM 

Figure 15 shows a comparison between the expression of MYB75 and 
MYB90 genes and structural genes of the phenylpropanoid pathway after light 
treatments. Specifically, Figure 15 shows MYB75 and MYB90 expression patterns 
10 in response to white, blue, UV-A and UV-B light. 

Figure 16 shows a metabolic pathway of phenylpropanoid and how MYB75 
and MYB90 are believed to be involved in the pathway. 

Detailed Description 

1 5 Identification of genes involved in mechanisms through which plants adapt 

to adverse conditions such as drought causing conditions, may improve crop species 
in their tolerance to stress, such as dehydration and high salt conditions, and may 
thus, increase the yield of a crop. Some genes involved in water stress response 
present MYB recognition sites in their promoter regions. MYB proteins are a class 

20 of transcription factors, identified in nearly all eukaryotes, sharing a common DNA 
binding domain that is highly conserved in all eukaryotes. The binding domain 
consists of different repeats of a helix-turn-helix motif In animals these factors 
represent a small gene family involved in the control of cell proliferation and in the 
prevention of apoptosis. In plants these proteins form the biggest regulatory family 

25 so far known, with more than 100 members identified in Arahidopsis thaliana, 
whose functions remain mainly unknown. 

Applicants have identified certain MYB genes, including MYB60, MYB74, 
MYB75 and MYB90, which are particularly useful with regard to manipulation of 
stress tolerance and stress sensitivity in plants. The expression of certain genes 



6 



BNSDOCID: <WO 0132002A1_IA> 



WO 01/32002 



o 



(erdlO, rd22, ADHI and AlPSCSJ) known to be involved in osmotic stress response 
are also described herein. 

Full length cDNA sequences encoding MYB transcription factors relating to 
stress tolerance have been isolated by reverse transcriptase mediated polymerase 
5 chain reaction (RT-PCR). These sequences are provided herein. 

Additionally, Applicants believe that the MYB75 and MYB90 genes are 
involved in the control of the flavonoid and anthocyanin pathways, that MYB74 is a 
transcription factor that is activated during stress, and the NfYB60 is a transcription 
factor that is repressed during stress. 

10 

Definitions 

As used herein, the term "plant" refers to either a whole plant, a plant part, a 
plant cell or a group of plant cells or progeny of any thereof. This term includes, but 
is not limited to, whole plants, plant parts, plant cells, plant organs, plant seeds, plant 

1 5 progeny, propagules, protoplasts, callus, cell cultures and any groups of plant cells 
organized into structural and/or functional units. The type of plant which can be 
used in the methods of the invention is not limited and includes, for example, 
ethylene-sensitive and ethylene-insensitive plants; fruit bearing plants such as 
apricots, apples, oranges, bananas, grapefruit, pears, tomatoes, strawberries, 

20 avocados, etc.; vegetables such as carrots, peas, lettuce, cabbage, turnips, potatoes, 
broccoli, asparagus, etc.; flowers such as carnations, roses, mums, etc.; agronomic 
crops such as corn, rice, soybean, alfalfa and the like; and in general, any plant that 
can take up and express the DNA molecules of the present invention. It may include 
plants of a variety of ploidy levels, including haploid, diploid, tetraploid and 

25 polyploid. The plant may be either a monocot or dicot. 

The term "plant" also includes tissue of a plant in planta or in culture. Plant 
parts include, but are not limited to, leaves, stems, roots, and flowers. Plant cell 
progeny should be understood as referring to any cell or tissue derived from plant 
cells including callus; plants; plant seed; pollen; plant embryos; and plant parts such 

30 as stems, roots, fruits, leaves or flowers. Propagules should be understood as 
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referring to any plant tissue capable of being sexually or asexually propagated, or 
being propagated in vivo or in vitro. Such propagules preferably consist of the 
protoplasts, cells, calli, tissues, embryos or seeds of the regenerated plants. The use 
of the term "plant" in conjunction with, or in the absence of, any specific type of 
5 plant as listed above or otherwise embraced by this definition is not intended to be 
exclusive of any other type of plant, plant part or progeny thereof. 

The term "transgenic" refers to organisms (plants or animals) into which new 
DNA sequences are integrated. A "transgenic plant" is defined herein as a plant 
which is genetically modified in some way, including but not limited to a plant 

1 0 which has incorporated heterologous or homologous stress tolerance-related nucleic 
acid molecule, such as DNA or modified DNA, into its genome. The altered genetic 
material may encode a protein or antisense molecule, for example. A "transgene" or 
"transgenic sequence" is defined as a foreign gene or partial sequence which has 
been incorporated into a transgenic plant. 

1 5 The term "hybridization" as used herein is generally used to mean 

hybridization of nucleic acids at appropriate conditions of stringency as would be 
readily evident to those skilled in the art depending upon the nature of the probe 
sequence and target sequences. Conditions of hybridization and washing are well 
known in the art, and the adjustment of conditions depending upon the desired 

20 stringency by varying incubation time, temperature and/or ionic strength of the 

solution are readily accomplished. See, for example, Sambrook, J. et al., Molecular 
Cloning: A Laboratory Manual, 2nd edition, Cold Spring Harbor Press, Cold Spring 
Harbor, New York, 1989. The choice of conditions is partly dictated by the length 
of the sequences being hybridized, in particular, the length of the probe sequence, 

25 the relative G-C content of the nucleic acids and the amount of mismatches to be 
permitted. Low stringency conditions are preferred when partial hybridization 
between strands that have lesser degrees of complementarity is desired. When 
perfect or near perfect complementarity is desired, high stringency conditions are 
preferred. For typical high stringency conditions, the hybridization solution contains 

30 6X S.S.C., 0.01 M EDTA, IX Denhardt's solution and 0.5% SDS. Hybridization is 
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carried out at about 68°C for about 3 to 4 hours for fragments of cloned DNA and 
for about 12 to about 1 6 hours for total eukaryotic DNA. For lower stringencies the 
temperature of hybridization is reduced to about 42 °C below the melting 
temperature (Tm) of the duplex. The T M is known to be a function of the G-C 
5 content and duplex length as well as the ionic strength of the solution. 

"High stringency conditions" should be understood to be those conditions 
normally used by one of skill in the art to establish at least about a 90% sequence 
identity between complementary pieces of DNA or DNA and RNA. Lesser sequence 
identity, such as at least about 50% sequence identity or preferably at least about 

1 0 70% may also be desired and obtained by varying the hybridization conditions such 
that the conditions are "low stringency conditions". 

As used herein, the term "substantial sequence identity" or "substantial 
homology" is used to indicate that a nucleotide sequence or an amino acid sequence 
exhibits substantial structural or functional equivalence with another nucleotide or 

1 5 amino acid sequence. Any structural or functional differences between sequences 
having substantial sequence identity or substantial homology will be de minimis; 
that is, they will not affect the ability of the sequence to function as indicated in the 
desired application. Differences may be due to inherent variations in codon usage 
among different species, for example. Structural differences are considered de 

20 minimis if there is a significant amount of sequence overlap or similarity between 
two or more different sequences or if the different sequences exhibit similar physical 
characteristics even if the sequences differ in length or structure. Such 
characteristics include, for example, ability to hybridize under defined conditions, or 
in the case of proteins, immunological crossreactivity, similar enzymatic activity, 

25 etc. For example, DNA or amino acid sequences having substantial sequence 
identity may share about 50% to about 100% sequence identity, preferably about 
65% to about 99% sequence identity, and most preferably about 70% to about 99% 
sequence identity. Sequence identity determinations can be performed for example, 
using the FASTA program (Genetics Computer Group Madison, Wis.). 

30 Alternatively, identity similarity determinations can be performed using BLASTP 
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(Basic Local Alignment Search Tool) of the Experimental GENINFO Blast Network 
Service. See also Pasternak, et al. Methods in Plant Molecular Biology and 
Biotechnology, Glick, et al. (eds), pages 25 1 -267 (CRC Press, 1 993). Sequence 
identity also includes a relationship wherein one or several subsequences of 
5 nucleotides or amino acids are missing, or subsequences with additional nucleotides 
or amino acids are interdispersed. 

The minimal amount of sequence identity required by the present invention 
is that sufficient to result in sufficient complementarity to provide recognition of the 
specific target RNA or DNA and in the case of antisense molecules inhibition or 

1 0 reduction of its transcription, translation or function while not affecting function of 
other RNA or DNA molecules and the expression of other genes. 

Additionally, two nucleotide sequences are "substantially complementary" if 
the sequences have at least about 50 percent, more preferably, at least about 70 
percent and most preferably at least about 90 percent sequence similarity between 

1 5 them. Two amino acid sequences have a substantial sequence identity if they have 
at least about 50%, preferably about 70% or more similarity between the active 
portions of the polypeptides. 

The term "functional derivative" of a nucleic acid (or poly- or 
oligonucleotide) is used herein to mean a fragment, variant, homolog, or analog of 

20 the gene or nucleotide sequence encoding a stress tolerance-related MYB 

transcription factor A functional derivative may retain at least a portion of the 
function of the stress tolerance-related encoding DNA which permits its utility in 
accordance with the invention. 

A "fragment" of the gene or DNA sequence refers to any subset of the 

25 molecule, e.g., a shorter polynucleotide or oligonucleotide of an amino acid or 

nucleotide sequence that retains some desired chemical or biological property of the 
full-length sequence such that use of the full-length sequence is not necessary to 
achieve the desired purpose. A "variant" refers to a molecule substantially similar to 
either the entire gene or a fragment thereof, such as a nucleotide substitution variant 

30 having one or more substituted nucleotides, but which maintains the ability to 
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hybridize with the particular gene or to encode mRNA transcript which hybridizes 
with the native DNA. 

A "homolog" refers to a fragment or variant sequence from a different plant 
genus or species. An "analog" refers to a non-natural molecule substantially similar 
5 to or functioning in relation to either the entire molecule, a variant or a fragment 
thereof 

The term "operably linked" refers to components of a chimeric gene or an 
expression cassette that function as a unit to express a heterologous protein. For 
example, a promoter operably linked to a heterologous DNA, which encodes a 

10 protein, promotes the production of 

functional mRNA corresponding to the heterologous DNA. 

"Functional derivatives" of the stress tolerance-related MYB polypeptides as 
described herein are fragments, variants, analogs, or chemical derivatives of stress 
tolerance-related MYB polypeptides, which retain at least a portion of the stress 

15 tolerance-related or immunological cross reactivity with an antibody specific for 
MYB. A fragment of the stress tolerance-related MYB polypeptide refers to any 
subset of the molecule. Variant peptides may be made by direct chemical synthesis, 
for example, using methods well known in the art. An analog of stress tolerance- 
related polypeptide refers to a non-natural protein substantially similar to either the 

20 entire protein or a fragment thereof Chemical derivatives of a stress tolerance- 
related MYB polypeptide contain additional chemical moieties not normally a part 
of the peptide or peptide fragment. Modifications may be introduced into the stress 
tolerance-related MYB peptide or fragment thereof, for example, by reacting 
targeted amino acid residues of the peptide with an organic derivatizing agent that is 

25 capable of reacting with selected side chains or terminal residues. 

A "chimeric" sequence or gene is a DNA sequence containing at least two 
heterologous parts, e.g., parts derived from naturally occurring DNA sequences 
which are not associated in their naturally occurring states, or containing at least one 
part that is of synthetic origin and not found in nature. 
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With reference to nucleic acids of the invention, the term "isolated nucleic 
acid" is sometimes used. This term, when applied to DNA, refers to a DNA 
molecule that is substantially separated from other nucleic acid sequences found in 
the cell. For example, the "isolated nucleic acid" may comprise a DNA molecule 
5 inserted into a vector, such as a plasmid or virus vector, or integrated into the 
genomic DNA of a procaryote or eucaryote. Recombinant plasmids or vectors 
containing novel MYB genes that may be propagated in for example, E. coli, S. 
cerevisiae and Agrohacteria are contemplated for use in the present invention. These 
vectors may optionally contain strong constitutive promoter elements to facilitate 
1 0 high expression of the MYB genes of the invention. Alternatively, they may contain 
inducible promoter elements so that expression of the MYB genes of the invention 
can be controlled by addition of an inducer compound. 

With respect to RNA molecules of the invention, the term "isolated nucleic 
acid" primarily refers to an RNA molecule encoded by an isolated DNA molecule as 
1 5 defined above. Alternatively, the term may refer to an RNA molecule that has been 
sufficiently separated from RNA molecules with which it would be associated in its 
natural state (i.e., in cells or tissues), such that it exists in a "substantially pure" 
form. 

A "substantially pure" nucleic acid sequence is defined herein as a DNA or 
20 RNA molecule (sequence) isolated in substantially pure form from a natural or non- 
natural source. Such a molecule may occur in a natural system, for example, in 
bacteria, viruses or in plant or animal cells, or may be provided, for example, by 
synthetic means or as a cDNA. Substantially pure DNA or RNA sequences are 
typically isolated in the context of a cloning vector. "Substantially pure" means that 
25 DNA or RNA molecules other than the ones intended are present only in marginal 
amounts, for example less than 5%, less than 1%, or preferably less than 0.1%. 
Substantially pure DNA or RNA sequences and vectors containing may be, and 
typically are, provided in solution, for example in aqueous solution containing 
buffers or in the usual culture media. 
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Nucleic acid molecules of the present invention may be single stranded or 
double stranded or may be a DNA or RNA, or hybrids thereof 

Nucleic Acid Molecules 

5 The present invention relates to a compound comprising a nucleic acid 

molecule that encodes a MYB transcription factor or is complementary to at least a 
portion of a MYB gene. The MYB transcription factor may be a stress tolerance- 
related MYB polypeptide. Preferred MYB transcription factors that are encoded by 
the nucleic acid molecule of the present invention are MYB60, MYB74, MYB75, 

10 and MYB 90 polypeptides. Preferably the nucleic acid is DNA that encodes an 

amino acid sequence having SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ 
ID NO:8. A preferred embodiment of the present invention includes nucleic acid 
molecules that encode a MYB transcription factor, which shares about 50% to about 
100% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ 

1 5 ID NO:8 More preferably, the nucleic acid molecules encode a MYB transcription 
factor, which shares about 65% to about 99% sequence identity with SEQ ID NO:2, 
SEQ ED NO:4, SEQ ID NO:6, or SEQ ID NO:8. Most preferably, the nucleic acid 
molecules encode a MYB transcription factor, which shares about 70% to about 
99% sequence identity with SEQ ID NO:2, SEQ ED NO:4, SEQ ID NO:6, or SEQ 

20 ID NO:8. 

Also encompassed by the present invention are isolated nucleic acid 
molecules having a sequence that encodes a plant stress tolerance-related MYB 
transcription factor. Preferably the MYB transcription factor is one of the following 
transcription factors: MYB60, MYB 74, MYB75 and MYB90. Even more 
25 preferably, the DNA molecule hybridizes under low stringency conditions with one 
of the following nucleotide sequences: SEQ ID NO:l, SEQ ID NO:3, SEQ ED NO:5 
and SEQ ID NO: 7 or a functional derivative or variant of the isolated nucleic acid 
molecule. 

In a preferred embodiment of the invention, isolated nucleic acid molecules 
30 encompassed by the present invention are those that encode a MYB transcription 
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factor, which shares about 50% to about 100% sequence identity with SEQ ID 
NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ ID NO:8. More preferably, the DNA 
molecules encode a MYB transcription factor, which shares about 65% to about 
99% sequence identity with SEQ ID NO:2, SEQ ID NO.4, SEQ ID NO:6, or SEQ 

5 ID NO:8. Most preferably, the DNA molecules encode a MYB transcription factor, 
which shares about 70% to about 99% sequence identity with SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6, or SEQ ID NO;8. 

An aspect of the present invention disclosed herein provides for novel cDNA 
clones coding for MYB polypeptides. These cDNAs, or their genomic counterparts, 

1 0 or DNA molecules with substantial sequence identity to either, can be engineered for 
expression of the encoded MYB polypeptides and transformed into plants that have 
enhanced stress tolerance or, in the case of antisense, plants that are stress sensitive, 

as described herein. 

MYB encoding nucleic acid molecules of the invention include cDNA, 
1 5 genomic DNA, RNA, and fragments thereof which may be single- or double- 
stranded. Thus, this invention provides oligonucleotides having sequences capable 
of hybridizing with at least one sequence of a nucleic acid molecule of the present 
invention, such as selected segments of the cDNA having SEQ ID NO: 1, SEQ ID 
NO:3, SEQ ID NO:5 or SEQ ID NO:7. Such oligonucleotides are useful as probes 
20 for detecting or isolating MYB genes in other plant species. 

Also provided herein are compounds comprising antisense nucleic acid 
molecules encoding an RNA molecule which is complementary to at least a portion 
of an RNA transcript of the DNA molecule described herein above, wherein the 
encoded RNA molecule hybridizes with the RNA transcript such that expression the 
25 MYB transcription factor is altered. The antisense nucleic acid molecule can be full 
length or only a portion of the nucleic acid sequence. 

The antisense nucleic acid molecule is substantially homologous to at least a 
portion of a DNA molecule encoding a MYB transcription factor. In a preferred 
embodiment, the DNA molecule encoding a MYB transcription factor hybridizes 
30 with SEQ ID NO: 1 , SEQ ID NO:3, SEQ ID NO:5, or SEQ ID NO:7, or is 
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substantially homologous to at least a portion of an RNA sequence encoded by the 
DNA molecule encoding a MYB transcription factor. In one embodiment of the 
invention, the antisense nucleic acid molecule is substantially homologous to at least 
a portion of SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, or SEQ ID NO:7, or the 
5 RNA transcript encoded by SEQ ID NO: 1, SEQ ED NO:3, SEQ ID NO:5, or SEQ ID 
NO:7. In another embodiment, the antisense nucleic acid molecule is substantially 
homologous to at least a portion of the 5' non-coding portion of a DNA molecule 
encoding a MYB transcription factor, wherein the DNA molecule hybridizes with 
SEQ ID NO: 1 SEQ ID N03, SEQ ID NO:5, or SEQ ID NO:7. 

10 Antisense oligonucleotides are preferably at least about six nucleotides in 

length to provide minimal specificity of hybridization and may be complementary to 
DNA or mRNA encoding a MYB transcription factor or a portion thereof The 
antisense oligonucleotide may extend in length up to and beyond the fiill coding 
sequence for which it is antisense. The antisense oligonucleotides can be DNA or 

1 5 RNA or chimeric mixtures or derivatives or modified versions thereof, single 
stranded or double stranded. 

The action of the antisense oligonucleotide may result in alteration, primarily 
inhibition, of MYB expression in cells. For a general discussion of antisense see: 
Alberts, et al ., Molecular Biology of the Cell, 2nd ed., Garland Publishing, Inc. New 

20 York, New York , 1 989 (in particular pages 195-1 96, incorporated herein by 
reference). 

The antisense oligonucleotide may be complementary to any portion of the 
MYB gene. In one embodiment, the antisense oligonucleotide may be between 6 
and 100 nucleotides in length, and may be complementary to the 5-non-coding 
25 sequence of the senescence-induced DHS sequence, for example. Antisense 

oligonucleotides primarily complementary to 5'-non-coding sequences are known to 
be effective inhibitors of expression of genes encoding transcription factors. 
Branch, M.A., Molec. Cell Biol., 13:4284-4290 (1993). 

Preferred antisense nucleotides are substantially homologous to a portion of 
30 the mRNA encoding MYB transcription factors. For example, introduction of the 
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full length cDNA clone encoding MYB transcription factors in an antisense 
orientation into a plant is expected to result in successful altered MYB gene 
expression. Moreover, introduction of partial sequences, targeted to specific 
portions of the MYB gene, can be equally effective. 
5 The minimal amount of homology required by the present invention is that 

sufficient to result in sufficient complementarity to provide recognition of the 
specific target RNA or DNA and inhibition or reduction of its translation or function 
while not affecting function of other RNA or DNA molecules and the expression of 
other genes. While the antisense oligonucleotides of the invention comprise 
1 0 sequences complementary to at least a portion of an RNA transcript of the MYB 
gene, absolute complementarity, although preferred is not required. The ability to 
hybridize may depend on the length of the antisense oligonucleotide and the degree 
of complementarity. Generally, the longer the hybridizing nucleic acid, the more 
base mismatches with the MYB target sequence it may contain and still form a 
1 5 stable duplex. One skilled in the art can ascertain a tolerable degree of mismatch by 
use of standard procedures to determine the melting temperature of the hybridized 
complex, for example. 

Also encompassed by the present invention are nucleic acid molecules (sense 
and antisense) that may be modified at the sugar, base or phosphate. Those in the art 
20 will recognize that one or more bases in a nucleotide sequence may be modified 
chemically (abasic, base, sugar and/or phosphate modifications) or replaced with 
another base without significant effect. Modified bases may include for example, 
synthetic and natural nucleobases such as 5-methylcytosine (5-me-C), 5- 
hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and 
25 other alkyl derivatives of adenine and guanine, 2-propyl and other alkyl derivatives 
of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil 
and cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5- 
uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl 
and other 8-substituted adenines and guanines, 5-halo particularly 5-bromo, 5- 
30 trifluoromethyl and other 5-substituted uracils and cytosines, 7-methylguanine and 
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7-methyladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7- 
deazaadenine and 3-deazaguanine and 3-deazaadenine. 

Recombinant Vectors 

5 The present invention is further directed to a recombinant vector from any of 

the nucleic acid molecules encoding the MYB transcription factors described above 
and to a recombinant vector from any of the antisense nucleic acid molecules 
described above. 

Vectors are recombinant DNA sequences which may be used for isolation 

1 0 and multiplication purposes of the mentioned DNA sequence and for the 

transformation of suitable hosts with these sequences. A vector may be a plasmid, 
cosmid, bacteriophage, virus or any other replicating nucleic acid that has the 
capability of replicating autonomously in a host cell. Preferred vectors for isolation 
and multiplication are plasmids which can be propagated in a suitable host 

1 5 microorganism, for example in E. coli. Many vectors have been described in the art 
which are suitable for use as starting materials in the present invention. 

The insertion of an appropriate sequence, which is capable of transcription, 
into such an intermediate vector results in a vector from a chimeric DNA sequence 
of the invention that can then be used to transform the desired plant. Alternatively, a 

20 chimeric DNA sequence can be prepared and inserted into a suitable vector which is 
then used to transform the desired plant. 

Vectors of the present invention can be constructed by recombinant DNA 
technology methods that are standard in the art. For example, the vector may be a 
plasmid containing a replication system functional in Agrobaclerium. Plasmids that 

25 are capable of replicating in Agrohacterium are well known in the art. See, Miki, et 
al., Procedures for Introducing Foreign DNA Into Plants, Methods in Plant 
Molecular Biology and Biotechnology,, Eds. B R. Glick and J.E. Thompson. CRC 
Press (1993), PP. 67-83. 

With regard to antisense nucleic acid molecules, the recombinant vectors for 

30 transformation of plant cells, include (a) an antisense nucleic acid molecule 
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substantially homologous to (1) at least a portion of a DNA molecule encoding a 
MYB transcription factor, such as MYB60, MYB74, MYB75 and MYB90, or (2) at 
least a portion of an RNA sequence encoded by the DNA molecule encoding such a 
MYB transcription factor; and (b) regulatory sequences operatively linked to the 

5 antisense nucleic acid molecule such that the nucleic acid molecule is expressed in a 
plant cell into which it is transformed. 

A polynucleotide sequence (DNA, RNA) is "operatively linked" to an 
expression control sequence when the expression control sequence controls and 
regulates the transcription and translation of that polynucleotide sequence. The term 

10 "operatively linked" includes having an appropriate start signal (e.g., ATG) in front 
of the polynucleotide sequence to be expressed and maintaining the correct reading 
frame to permit expression of the polynucleotide sequence under the control of the 
expression control sequence and production of the desired sequence. 

1 5 Polypeptides 

Also encompassed by the present invention are stress tolerance-related MYB 
transcription factors. Preferred MYB transcription factors of the present invention 
are MYB60, MYB74, MYB75, and MYB90. In a most preferred embodiment of 
this aspect of the invention, the MYB transcription factor has an amino acid 
20 sequence selected from SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ ID 
NO:8. 

In another preferred embodiment of the invention, the MYB transcription 
factor shares about 50% to about 100% sequence identity with SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6 or SEQ ID NO:8. More preferably, the MYB transcription 
25 factor shares about 65% to about 99% sequence identity with SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6, or SEQ ID NO: 8. Most preferably, the MYB transcription 
factor shares about 70% to about 99% sequence identity with SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6, or SEQ ID NO:8. 
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Antibodies 

According to another aspect of the invention, antibodies immunologically 
specific for the polypeptides described hereinabove are provided. Such antibodies 
include antibodies of plant MYB polypeptides. Preferably, the antibody is an 

5 antibody of a MYB transcription factor. The antibody is more preferably an 

antibody of MYB60, MYB 74, MYB75 or MYB90. In a most preferred embodiment 
of this aspect of the invention, the antibody is an antibody of a MYB transcription 
factor having an amino acid sequence selected from SEQ ID NO:2, SEQ ID NO:4, 
SEQ ID NO:6, or SEQ ID NO:8. 

1 0 The present invention also provides antibodies, monoclonal or polyclonal, 

capable of immunospecifically binding to MYB proteins of the invention. 
Polyclonal antibodies directed toward plant stress tolerance-related MYB 
transcription factors may be prepared according to standard methods. In a preferred 
embodiment, monoclonal antibodies are prepared, which react immunospecifically 

1 5 with various epitopes of MYB transcription factors. Monoclonal antibodies may be 
prepared according to general methods of Kohler and Milstein, following standard 
protocols. Polyclonal or monoclonal antibodies that immunospecifically interact 
with MYB transcription factors can be utilized for identifying and purifying such 
proteins. For example, antibodies may be utilized for affinity separation of proteins 

20 with which they immunospecifically interact. Antibodies may also be used to 
immunoprecipitate proteins from a sample containing a mixture of proteins and 
other biological molecules. 

With respect to antibodies of the invention, the term "immunologically 
specific" refers to antibodies that recognize and bind to one or more epitopes of a 

25 polypeptide of interest (for example, MYB60), but which do not immunospecifically 
recognize and bind other molecules in a sample containing a mixed population of 
antigenic biological molecules. 
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Variants 

Also encompassed by the scope of the present invention are variants of plant 
MYB transcription factors. Preferably, the variants of the MYB polypeptides are 
variants of MYB60, MYB74, MYB75, and MYB90. 
5 Variant nucleic acid and amino acid sequences of the present invention 

preferably are at least about 80% identical, most preferably at least about 99% 
identical, to a native sequence such as the native nucleic acid sequences of SEQ ID 
NOs: 1,3,5 and 7, and the native amino acid sequences of SEQ ID Nos: 2, 4, 6 and 
8. Most preferred are substantially pure DNA sequences as shown in SEQ ID 

1 0 NOs: 1, 3, 5 and 7, and substantially pure DNA sequences having substantial 

sequence identity to the sequences shown in SEQ ID NOs: 1, 3, 5 and 7 (see Figures 
1-4). Most preferred amino acid sequences are substantially pure amino acid 
sequences as shown in SEQ IDNOs:2, 4, 6 and 8 and DNA sequences having 
substantial sequence identity to the sequences shown in SEQ ID NOs: 1, 3, 5 and 7. 

1 5 For fragments, the percent identity is calculated for that portion of a native sequence, 
that is present in the fragment. 

Variants of MYB transcription factors may also include those that share 
about 50% to about 1 00% sequence identity with SEQ ID NO:2, SEQ ID NO:4, 
SEQ ID NO:6, or SEQ ID NO:8. More preferably, the MYB transcription factor 

20 shares about 65% to about 99% sequence identity with SEQ ID NO:2, SEQ ID 
NO 4, SEQ ID NO:6, or SEQ ID NO:8. Most preferably, the MYB transcription 
factor shares about 70% to about 99% sequence identity with SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6, or SEQ ID NO:8. 

Variants may comprise conservatively substituted sequences, that is a given 

25 amino acid residue may be replaced by a residue having similar physiochemical 
characteristics. Examples of conservative substitutions include substitution of one 
aliphatic residue for another, such as He, Val, Leu, or Ala for one another, or 
substitutions of one polar residue for another, such as between Lys and Arg; Glu and 
Asp; or Gin and Asn. Other such conservative substitutions, for example, 
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substitutions of entire regions having similar hydrophobicity characteristics, are 
known by those skilled in the art. 

Alterations of the native amino acid sequence may be accomplished by any 
of a number of known techniques. Mutations can be introduced at particular loci by 
5 synthesizing oligonucleotides containing a mutant sequence, flanked by restriction 
sites enabling ligation to fragments of the native sequence. Following ligation, the 
resulting reconstructed sequence encodes an analog having the desired amino acid 
incorporation, substitution, or deletion. 

Naturally occurring MYB variants are also encompassed by the present 

1 0 invention. Examples of such variants are polypeptides that result from alternative 
mRNA splicing events or from proteolytic cleavage of the MYB proteins of the 
present application, wherein the MYB-binding property is retained. Alternative 
splicing of mRNA may yield a truncated but biologically active MYB polypeptide, 
such as a naturally occurring soluble form of the protein, for example. Variations 

1 5 attributable to proteolysis include, for example, differences in the amino or carboxyl 
termini upon expression in different types of host cells, due to proteolytic removal of 
one or more terminal amino acids from the various MYB proteins. 

Due to the known degeneracy of the genetic code wherein more than one 
codon can encode the same amino acid, a DNA sequence may vary from those 

20 presented in SEQ ID NOs: 1, 3, 5 and 7 and still encode a MYB polypeptide having 
the amino acid sequence set forth in SEQ ID NOs: 2, 4, 6 and 8. Such variant DNA 
sequences may result from silent mutations (e.g., occurring during PCR 
amplification), and may be the product of deliberate mutagenesis of a native 
sequence. 

25 Included within the scope of the present invention, in addition to the 

sequences exemplified specifically herein and enumerated in the sequence listing, 
are cDNA sequences which are equivalent to the enumerated sequences and cDNA 
sequences which hybridize with the enumerated sequences and encode a polypeptide 
having some degree of stress-tolerance activity of the given polypeptide. 

30 Equivalent cDNA sequences are those which encode the same polypeptide 
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even though they contain at least one different nucleotide from the enumerated 
sequence. As is known in the art, the amino acid sequence of a polypeptide is 
determined by the nucleotide sequence of the DNA. Because of the redundancy of 
the genetic code, i.e., more than one coding nucleotide triplet (codon) can be used 

5 for most of the amino acids used to make proteins, different nucleotide sequences 
can code for a particular amino acid. 

cDNA sequences that hybridize with a given enumerated sequence and 
encode a polypeptide or protein having at least some degree of activity of the 
corresponding plant stress tolerance protein are those which exhibit substantial 

1 0 sequence identity, as defined hereinabove, with the enumerated sequence such that it 
hybridizes with the latter under low stringency conditions. Proteins translated from 
these hybridizable cDNA sequences have different primary structures from proteins 
translated from the enumerated sequences. However, their respective secondary 
structures are the same. 

15 

Method for Enhancing a Plant's Tolerance to Stress 
The present invention also relates to methods for enhancing a plant's 
tolerance to stress. The method includes transforming a plant with a vector, where 
the vector is as described above. 

20 DNA transformation may be performed using any method of plant transformation 
known in the art. Plant transformation methods include direct co-cultivation of 
plants, tissues or cells with Agrobacterium tumefaciens or direct infection (Miki, et 
al., Meth. in Plant Mol. Biol, and Biotechnology, (1993), p. 67-88); direct gene 
transfer into protoplasts or protoplast uptake (Paszkowski, et al., EMBO J., 12:2717 

25 (1984); electroporation (Fromm, et al., Nature, 319:719 (1986); particle 

bombardment (Klein et al., BioTechnology, 6:559-563 (1988); injection into 
meristematic tissues of seedlings and plants (De LaPena, et al., Nature, 325:274-276 
(1987); injection into protoplasts of cultured cells and tissues (Reich, et al., 
BioTechnology, 4:1001-1004 (1986)). 
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Such transformation may occur for example, by incorporating a recombinant 
vector into a plant or deleting a recombinant vector from a plant. Alternatively, the 
transgenic plant may be transformed by the modification of a plant with a 
recombinant vector. Suitable recombinant vectors are described above and plants 
5 are as defined above. 

Plants include the plants defined above. 

Method of Producing a Transgenic Plant 
Having Enhanced Stress Tolerance 

1 0 Also encompassed by the present invention are methods of producing a 

transgenic plant having enhanced stress tolerance. The method includes 
transforming a plant cell or cells with a nucleic acid molecule, which encodes a 
M YB transcription factor. The method then includes regenerating a transgenic plant 
from the transformed cell(s) such that the increased expression of the MYB 

1 5 transcription factor confers enhanced stress tolerance to the plant. Preferably, the 
nucleic acid sequence encoding a MYB transcription factor is operably linked to a 
promoter, such that the expression of the MYB polypeptide is regulated by the 
promoter. Preferably the nucleic acid molecule is a recombinant DNA construct. 
Also, preferably in this method, the MYB transcription factor is one of 

20 MYB60, MYB74, MYB75 and MYB90. In a most preferred embodiment of this 
aspect of the invention, the MYB transcription factor has an amino acid sequence 
selected from SEQ ED NO 2, SEQ ID NO:4, SEQ ID NO:6, or SEQ ID NO:8. 

In another embodiment, the MYB transcription factor may share about 50% 
to about 100% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 

25 or SEQ ID NO:8. More preferably, the MYB transcription factor shares about 65% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO:8. Most preferably, the MYB transcription factor shares about 70% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ED NO:8. 

30 Plants include the plants defined above. Stress tolerance includes tolerance 

to various stresses including drought, salt, cold, heat and the like. The nucleic acid 

23 



BNSDOCID: <WO 0132002A1 IA> 



WO 01/32002 



PCT/USOO/30503 



sequence may be a DNA or RNA sequence and may be single stranded or double 
stranded. 

Using the methods of the invention, transgenic plants are generated and 
monitored for growth. Plants exhibiting increased resistance to environmental 
5 stress, e.g., decreased susceptibility to high temperature or low temperature 
(chilling), drought, infection, etc., and/ or increased resistance to pathogens, are 
selected as superior products. These superior plants are propagated. 

Method of Increasing the Expression of a 
10 MYB Transcription Factor in a Plant 

The present invention also encompasses methods of increasing the 

expression of a MYB transcription factor in a plant. The method includes 

transforming a plant cell or cells with a nucleic acid molecule, which encodes a 

MYB transcription factor. The method then includes regenerating a transgenic plant 

1 5 from the transformed cell(s), such that the expression of the MYB transcription 
factor is increased relative to a non-transformed plant and whereby the increased 
expression of the MYB transcription factor confers enhanced stress tolerance to the 
plant. Preferably the nucleic acid molecule is a recombinant DNA construct. 

Preferably in this method, the MYB transcription factor is one of MYB60, 

20 MYB 74, MYB75 and MYB90. In a most preferred embodiment of this aspect of the 
invention, the MYB transcription factor has an amino acid sequence selected from 
SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ ID NO:8. 

In another embodiment, the MYB transcription factor may share about 50% 
to about 100% sequence identity with SEQ ID NO 2, SEQ ID NO:4, SEQ ID NO:6, 

25 or SEQ ID NO:8. More preferably, the MYB transcription factor shares about 65% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO:8. Most preferably, the MYB transcription factor shares about 70% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO 4, SEQ ID NO:6, 
or SEQIDN08. 

30 Plants include the plants defined above. Stress tolerance includes tolerance 

to various stresses including drought, salt, cold, heat and the like. The nucleic acid 
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sequence may be a DNA or RNA sequence and may be single stranded or double 
stranded. 

Using the methods of the invention, transgenic plants are generated and 
monitored for growth. Plants exhibiting increased expression of a MYB 
5 transcription factor, as measured for example by resistance to environmental stress, 
e.g., decreased susceptibility to low temperature (chilling), drought, infection, etc., 
and/ or increased resistance to pathogens, are selected as superior products. These 
superior plants are propagated. 

10 Method of Increasing the Stress Tolerance of a Plant 

Further encompassed by the present invention are methods of increasing the 
stress tolerance of a plant. The method includes transforming a plant cell or cells 
with a nucleic acid sequence, which encodes a MYB transcription factor. The 
method then includes regenerating a transgenic plant from the transformed cell(s), 

1 5 wherein the expression of the MYB transcription factor is increased relative to a 
non-transformed plant and whereby the increased expression of the MYB 
transcription factor confers enhanced stress tolerance to the plant, thereby increasing 
the stress tolerance of a plant. Preferably the nucleic acid sequence is a 
recombinant DNA construct. 

20 Preferably in this method, the MYB transcription factor is one of MYB60, 

MYB74, MYB75 and MYB90. In a most preferred embodiment of this aspect of the 
invention, the MYB transcription factor has an amino acid sequence selected from 
SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ ID NO:8. 

In another embodiment, the MYB transcription factor may share about 50% 

25 to about 100% sequence identity with SEQ ED NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO:8. More preferably, the MYB transcription factor shares about 65% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ED NO:8. Most preferably, the MYB transcription factor shares about 70% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ED NO:4, SEQ ID NO:6, 

30 or SEQ ID NO:8. 
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Plants include the plants defined above. Stress tolerance includes tolerance 
to various stresses including drought, salt, cold, heat and the like. The nucleic acid 
sequence may be a DNA or RNA sequence and may be single stranded or double 
stranded. 

5 Using the methods of the invention, transgenic plants are generated and 

monitored for growth. Plants exhibiting increased resistance to environmental 
stress, e.g., decreased susceptibility to low temperature (chilling), drought, infection, 
etc., and/ or increased resistance to pathogens, are selected as superior products. 
These superior plants are propagated. 

10 

Method for Enhancing a Plant's Sensit ivity to Stress 
The present invention also relates to methods for enhancing a plant's 
sensitivity to stress. The method includes transforming a plant with a vector 
encoding a polynucleotide sequence that is complementary to SEQ ID NO:l, SEQ 
1 5 ID NO:3, SEQ ID NO:5 or SEQ ID NO:7, or to the mRNA encoded by SEQ ID 
NO: 1 SEQ ID NO:3, SEQ ID NO:5 or SEQ ID NO:7, where the vector is as 
described above. Suitable methods of transformation are described above. 
Plants include the plants defined above. 

20 Method of Producing a Transgenic Pla nt with 

Enhanced Stress Sensitivity 

The present invention is further directed to a method of producing a 
transgenic plant having enhanced stress sensitivity. Such a plant preferably has a 
reduced level of MYB transcription factors, preferably MYB60, MYB74, MYB75 
25 and MYB90 as compared to an unmodified plant. The method includes (1) 

transforming a plant with a vector, specifically a recombinant vector from any of the 
antisense nucleic acid molecules, as described above; (2) allowing the plant to grow 
to at least a plantlet stage; (3) assaying the transformed plant or plantlet for altered 
MYB activity and/or environmental stress sensitivity; and (4) selecting and growing 
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a plant having altered MYB activity and/or environmental stress sensitivity 
compared to a non-transformed plant. 

The plants of this method are as described above. Preferably, the plant may 
be used as an environmental monitor. 

5 

A Transformed Transgenic Plant 

The present invention further relates to a transgenic plant that is stably 
transformed. The transgenic plant is preferably stably transformed with a MYB 
gene or variant thereof, which is expressed so as to enhance stress tolerance in the 

10 plant. The DNA may further comprise a screenable marker gene. Alternatively, the 
transgenic plant may be transformed by an antisense gene. 

Also encompassed by the present invention are seeds transformed with a 
MYB gene or functional derivative or variant thereof. The seed may be transformed 
by the incorporation, deletion or modification of a seed, plant, plant part or progeny 

1 5 thereof with a recombinant vector as described herein. Such recombinant vectors 
may be from any of the nucleic acid molecules or antisense nucleic acid molecules 
described herein. 

Particular benefits may be realized by the transformation of plant cells or 
seeds with any of the nucleic acids comprising the genes described herein or variants 
20 thereof. (That is, by incorporation, deletion or modification of these nucleic acids 
into a plant or seed). 

Various methods for accomplishing the genetic transformation of plants (that 
is, stably introducing foreign DNA into plant) are known in the art. Suitable 
methods are believed to include virtually any method by which DNA can be 
25 introduced into a cell, such as by Agrobacterium infection or direct delivery of DNA 
such as, for example, by PEG-mediated transformation, by electroporation or by 
acceleration of DNA coated particles, etc. Acceleration methods are generally 
preferred and include, for example, microprojectile bombardment and the like. 

In the microprojectile bombardment method, non-biological particles may be 
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coated with nucleic acids and delivered into cells by a propelling force. Exemplary 

particles include those comprised of tungsten, gold, platinum, and the like. 

Transgenic plants made in accordance with the present invention may be 

prepared by nucleic acid transformation using any method of plant transformation 
5 known in the art. 

Generally a complete plant is ultimately obtained from the transformation 

process. Plants are regenerated from protoplasts, callus, tissue parts or explants, etc. 

Plant parts obtained from the regenerated plants, such as leaves, flowers, fruit, seeds 

and the like are included in the definition of "plant" as used herein. Progeny, 
10 variants and mutants of the regenerated plants are also included in the definition of 

"plant." 

The transformation or genetic modification can effect a permanent change in 
the MYB levels in the plant and be propagated in offspring plants by selfing or other 
reproductive schemes. The genetically altered plant may be used to produce a new 
15 variety or line of plants wherein the alteration is stably transmitted from generation 
to generation. 

Method of Screening a Plant for Stress Tolerance 

Also encompassed by the present invention is a method of screening a plant 
20 for stress tolerance. The method includes screening the expression level of a stress 
tolerance-related MYB polypeptide in a plant. The plants of this method are as 
described above. 

After delivering nucleic acids, or variants thereof to recipient cells by any of 
the methods discussed above, the transformed cells may be identified for further 
25 culturing and plant regeneration. In this method, the transformed cell or plant is 
selected or screened by conventional techniques. This step may include assaying 
cultures directly for a screenable trait or by exposing the bombarded cultures to a 
selective agent or agents. 

In order to improve the ability to identify transformants, one may desire to 
30 employ a selectable or screenable marker gene as, or in addition to, the expressible 
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gene of interest. Marker genes code for phenotypes that allow cells that express the 
marker gene to be distinguished from cells that do not have the marker. Such genes 
may encode either a selectable or screenable marker, depending on whether the 
marker confers a trait which one can select for by chemical means, i.e., through the 
5 use of a selective agent (e.g., an herbicide, or the like), or whether it is simply a trait 
that one can identify through observation or testing. Examples of suitable marker 
genes are known to the art and can be employed in the practice of the invention. For 
example, suitable markers may include markers that encode a secretable antigen that 
can be identified by antibody interaction, or even secretable enzymes which can be 

10 detected catalytically. Secretable proteins fall into a number of classes, including 
small, diffusible proteins detectable, e.g., by ELISA, small active enzymes 
detectable in extracellular solution (e.g., alpha.-amylase, .beta.-lactamase, 
phosphinothricin transferase), or proteins which are inserted or trapped in the cell 
wall (such as proteins which include a leader sequence such as that found in the 

15 expression unit of extensin or tobacco PRS), of course, in light of this disclosure, 
numerous other possible selectable and/or screenable marker genes will be apparent 
to those of skill in the art. Therefore, the foregoing discussion is intended to be 
exemplary rather than exhaustive. 

The transformed cell or plant contains the chimeric DNA sequence and is 

20 then regenerated, if desired, by known procedures, for both monocot and dicot 

plants. The regenerated plants are screened for transformation by standard methods. 
Progeny of the regenerated plants is continuously screened and selected for the 
continued presence of the integrated DNA sequence in order to develop improved 
plant and seed lines. The DNA sequence can be moved into other genetic lines by a 

25 variety of techniques, including classical breeding, protoplast fusion, nuclear transfer 
and chromosome transfer. 

Where both an expressible gene that is not necessarily a marker gene is 
employed in combination with a marker gene, one may employ the separate genes 
on either the same or different DNA segments for transformation. In the latter case, 
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the different vectors are delivered concurrently to recipient cells to maximize co- 
transformation. 

In order for a newly inserted gene or DNA sequence to be expressed, 
resulting in production of the protein which it encodes, or in the case of antisense 
5 DNA, to be transcribed, resulting in an antisense RNA molecule, the proper 

regulatory elements should be present in proper location and orientation with respect 
to the gene or DNA sequence. The regulatory regions may include a promoter, a 5'- 
non-translated leader sequence and a 3'-polyadenyIation sequence as well as 
enhancers and other regulatory sequences. 
1 0 Promoter regulatory elements that are useful in combination with the MYB 

gene to generate sense or antisense transcripts of the gene include any effective 
promoter in general, and more particularly, a constitutive promoter such as the fig 
wart mosaic virus 35S promoter, the cauliflower mosaic virus promoter, CaMV35S 
promoter, or the MAS promoter, or a tissue-specific or senescence-induced 
1 5 promoter, such as the carnation petal GST1 promoter or the Arabidopsis SAG1 2 
promoter (See, for example, J.C. Palaqui et al., Plant Physiol., 1 12:1447-1456 
(1996); Morton et al., Molecular Breeding, 1:123-132 (1995); Fobert et al., Plant 
Journal, 6:567-577 (1994); and Gan et al., Plant Physiol., 1 13:313 (1997), 
incorporated herein by reference). Preferably, the promoter used in the present 
20 invention is a constitutive promoter. 

Expression levels from a promoter which is useful for the present invention 
can be tested using conventional expression systems, for example by measuring 
levels of a reporter gene product, e.g., protein or mRNA in extracts of the leaves, 
flowers, fruit or other tissues of a transgenic plant into which the promoter/reporter 
25 have been introduced. 

Method for Increas in g the Stress Resistan ce of a Crop in a Field 

Another embodiment of the invention is a method for increasing the stress 
resistance of a crop in a field. The method includes planting in the field seeds or 
30 plants, such as the transgenic plants or seeds described herein, which are 
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transformed with the vectors described herein, by any of the methods described 
herein. Suitable methods of planting are known to those in the art. 

Method of Inhibiting the Expression of MYB Genes in a Plant 
5 The present invention further relates to a method of inhibiting the expression 

of MYB genes in a plant cell, the method includes integrating into the genome of a 
plant a vector specifically, a recombinant vector from any of the antisense nucleic 
acid molecules, as described above, and growing the plant. In this method, the 
antisense nucleic acid molecule is transcribed, such that expression of the MYB 
10 gene is inhibited. 



Method of Assaying the Environmental Conditions of a Field 

The invention further relates to a method of assaying the environmental 
conditions of a field. Such a method includes planting any of the plants described 
1 5 herein, including those transformed by the vectors described herein, both antisense 
and non-antisense, and monitoring the growth of the plant. 

Method of Increasing the Production of Products of the 
Phenvlpropanoid Biosynthesis Pathway in a Plant 

20 Also encompassed by the present invention is a method of increasing the 

production of products of the phenylpropanoid biosynthesis pathway in a plant. The 
method includes transforming a plant cell with a recombinant DNA construct 
comprising a nucleic acid sequence encoding a MYB transcription factor. The 
method then includes regenerating a transgenic plant from the transformed cell, 

25 wherein the expression of the MYB transcription factor increases the expression of 
genes encoding gene products affecting the phenylpropanoid pathway, thereby 
increasing the production of products of the phenylpropanoid biosynthesis pathway. 

Products of the phenylpropanoid pathway include, but are not limited to 
stilbenes, flavonoids, lignins, salicylic acid, anthocyanins, phenolic derivatives and 

30 the like. 



31 



BNSDOCID: <WO 0132002A1 JA> 



WO 01/32002 



PCT/USOO/30503 



Preferably in this method, the MYB transcription factor is one of MYB60, 
MYB74, MYB75 and MYB 90. In a most preferred embodiment of this aspect of the 
invention, the MYB transcription factor has an amino acid sequence selected from 
SEQ ID NO:2, SEQ ID NO 4, SEQ ID NO:6, or SEQ ID NO:8. 

5 In another embodiment, the MYB transcription factor may share about 50% 

to about 100% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO:8. More preferably, the MYB transcription factor shares about 65% 
to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID N06, 
or SEQ ID NO:8. Most preferably, the MYB transcription factor shares about 70% 

1 0 to about 99% sequence identity with SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
or SEQ ID NO:8. 

Plants include the plants defined above. Stress tolerance includes tolerance 
to various stresses including drought, salt, cold, heat and the like The nucleic acid 
sequence may be a DNA or RNA sequence and may be single stranded or double 
15 stranded. 

Using the methods of the invention, transgenic plants are generated and 
monitored for growth. Plants exhibiting increased expression of products of the 
phenylpropanoid biosynthesis pathway, as exhibited for example by decreased 
susceptibility to high temperature or low temperature (chilling), drought, infection, 

20 etc., and/ or increased resistance to pathogens, are selected as superior products. 
These superior plants are propagated. 

Further encompassed by the present invention is a method of decreasing the 
production of products of the phenylpropanoid biosynthesis pathway in a plant. The 
method includes (i) transforming a plant cell with a vector comprising an antisense 

25 nucleic acid molecule substantially complementary to at least a portion of a DNA 
molecule encoding a MYB transcription factor or at least a portion of an RNA 
sequence encoded by the DNA molecule encoding said MYB transcription factor; 
and regulatory sequences operatively linked to the antisense nucleic acid molecule; 
such that the nucleic acid molecule is expressed in a plant cell into which it is 

30 transformed; and (ii) growing the plant, whereby the antisense nucleic acid molecule 
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is transcribed, such that expression of the MYB gene is inhibited, thereby decreasing 
the production of products of the phenylpropanoid biosynthesis pathway. For 
example, products of the phenylpropanoid pathway such as stilbenes, flavonoids, 
lignins, salicylic acid, anthocyanins, phenolic derivatives and the like are decreased 
5 by this method. 

In the case of antisense, transgenic plants are generated and monitored for 
growth. Plants exhibiting an increased stress sensitivity are selected and 
propagated. 

10 Isolation of MYB Nucleic Acids and Construction of MYB Encoding Vectors 

Nucleic acid molecules encoding the MYB transcription factors of the 
present invention may be prepared by two general methods: (1) they may be 
synthesized from appropriate nucleotide triphosphates, or (2) they may be isolated 
from biological sources. Both of the above methods are well known in the art. 

1 5 Nucleic acid sequences encoding the MYB transcription factors of the 

present invention may be isolated from appropriate biological sources using methods 
known in the art. In accordance with the present invention, nucleic acids having the 
appropriate level of sequence identity with the protein coding region of SEQ ID 
NOs: 1, 2, 4, or 5 may be identified by using hybridization and washing conditions of 

20 appropriate stringency. For example, hybridizations may be performed, according to 
the method of Sambrook et al., (22) using a hybridization solution including: 5 times 
SSC, 5 times Denhardt's reagent, 1.0% SDS, 100 fig/rnl denatured, fragmented 
salmon sperm DNA, 0.05% sodium pyrophosphate and up to 50% formamide. 
Hybridization is carried out at 37-42°C for at least six hours. Following 

25 hybridization, filters are washed as follows: (1)5 minutes at room temperature in 2 
times SSC and 1% SDS; (2) 1 5 minutes at room temperature in 2 times SSC and 
0.1% SDS; (3) 30 minutes-1 hour at 37° C. in 1 times SSC and 1% SDS; (4) 2 hours 
at 42-65°C in 1 times SSC and 1% SDS, changing the solution every 30 minutes. 
Nucleic acids of the present invention may be maintained as DNA in any 

30 convenient cloning vector. In a preferred embodiment, clones are maintained in 
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plasmid cloning/expression vector, such as pBIuescript (Stratagene, La Jolla, Calif), 
which is propagated in a suitable E coli host cell. 

A full-length MYB polypeptide of the present invention may be prepared in 
a variety of ways, according to known methods. The protein may be purified from 
5 appropriate sources, e.g., plant or animal cultured cells or tissues, by immunoaffinity 
purification. 

Alternatively, according to a preferred embodiment, larger quantities of 
MYB polypeptide may be produced by expression in a suitable procaryotic or 
eucaryotic system. For example, part or all of a DNA molecule, such as the cDNA 

10 having SEQ ID NO: 1, may be inserted into a plasmid vector adapted for expression 
in a bacterial cell, such as E. coli y or into a baculovirus vector for expression in an 
insect cell. Such vectors comprise the regulatory elements necessary for expression 
of the DNA in the host cell (e.g. E coli, plant cell or insect cell), positioned in such 
a manner as to permit expression of the DNA in the host cell. Such regulatory 

1 5 elements required for expression include promoter sequences, transcription initiation 
sequences and, optionally, enhancer sequences. 

The MYB polypeptide produced by gene expression in a recombinant 
procaryotic or eucyarotic system may be purified according to methods known in.the 
art. In a preferred embodiment, a commercially available expression/secretion 

20 system can be used, whereby the recombinant protein is expressed and thereafter 
secreted from the host cell, to be easily purified from the surrounding medium. If 
expression/secretion vectors are not used, an alternative approach involves purifying 
the recombinant protein by affinity separation, such as by immunological interaction 
with antibodies that bind specifically to the recombinant protein or nickel columns 

25 for isolation of recombinant proteins tagged with 6-8 histidine residues at their N- 
terminus or C-terminus. Such methods are commonly used by skilled practitioners. 

The MYB proteins of the invention may be analyzed according to standard 
procedures. For example, such proteins may be subjected to amino acid sequence 
analysis, according to known methods. 



34 



BNSDOCIO: <WO 0132002A1 JA> 



WO 01/32002 PCT/US00/30503 



Having now generally described the invention, the same will be more readily 
understood through reference to the following examples which are provided by way 
of illustration, and are not intended to be limiting to the present invention. 



5 EXAMPLE 1 

Genes induced during water stress conditions are not only thought to protect 
cells from osmotic stress but also to be involved in the regulation of genes for signal 
transduction in water deficit response. A first group of genes codes for proteins that 
directly function in stress tolerance. A second group of genes induced underwater 

1 0 stress conditions encodes for regulatory proteins that function in signal transduction 
pathways. Examples are protein kinases, PLC, 14-3-3 proteins and transcription 
factors directly involved in the further control of gene expression during water stress 
response. Certain genes respond to drought, salt and cold stress at the transcriptional 
level. Expression patterns of dehydration-inducible genes are complex: some genes 

1 5 respond to water stress very rapidly, whereas others are induced slowly after the 
accumulation of ABA. Most of the genes that respond to drought, salt and cold 
stress can also be induced by exogenous applications of ABA. It is believed that 
dehydration may trigger the production of ABA, which in turn induces various 
genes. On the other hand, several genes that are induced by water stress are not 

20 responsive to exogenous ABA treatment. Analysis of the expression of water-stress- 
inducible genes by ABA in ABA-deficient (aba) or ABA-insensitive (abi) 
Arabidopsis mutants have indicated that some of the stress-inducible genes do not 
require an accumulation of endogenous ABA under drought or cold conditions. 
These observations suggest the existence of both ABA-independent and ABA- 

25 dependent signal transduction cascades between the initial signal of drought or cold 
and the further expression of specific genes. In addition, analysis of the expression 
of ABA-inducible genes revealed that several of them require protein biosynthesis 
for their ABA induction, while others do not, suggesting the existence of at least two 
independent pathways between the upstream production of endogenous ABA and 

30 gene expression during stress. The ABA-inducible genes that do not require protein 
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biosynthesis for their expression contain a potential ABA-responsive-element, 
termed ABRE (PyACGTTCCG) (SEQ ID NO:9) in their promoter regions. The 
ABRE resembles the G-box element, an ACGT "core" containing element, that 
functions in the regulation of plant genes in a variety of environmental conditions, 
5 such as light, UV, wounding and anaerobiosis. Basic region leucine zipper (bZEP) 
proteins have been shown to be involved in the binding to this class of elements. 
Furthermore, a coupling element is required to specify the function of the ABRE, 
constituting an ABA-responsive complex. 

Along the second AB A-dependent pathway, protein biosynthesis is necessary 
10 for the expression of water-stress-inducible genes. A 67 bp region in the promoter 
ofrd22, an Arahidopsis gene whose expression is mediated by ABA and requires 
protein biosynthesis, is essential and sufficient for its dehydration and ABA- 
inductibility. This region contains two closely located putative recognition sites for 
the basic helix-loop-helix protein MYC (CANNTG) (SEQ ID NO: 10) and one for a 
1 5 MYB protein (Py AACPyPu) (SEQ ID NO: 11 ). However, this region does not 
contain ABRE sequences. 

A possible role of the Arabidopsis AtMYB2 in water stress response is the 
induction otrd22 gene and under low oxygen conditions the induction of th^ADHI. 
Rd22BPl gene, which encodes a MYC transcription factor, and AtMYB2 are both 
20 induced by dehydration stress. The corresponding proteins bind in vitro to have the 
67 bp region of the rd22 gene promoter. These results suggest that MYB and MYC 
homologues arc involved in the regulation of gene expression along one of the 
ABA-dependent signal cascade. However, the existence of several genes induced by 
drought and cold in aba and abi Arabidopsis mutants suggests the presence of signal 
25 transduction pathways that do not require ABA accumulation for their induction. A 
9 bp dehydration responsive element, termed DRE (TACCGACAT) (SEQ ID 
NO: 12) is essential for the ABA-independent induction of many stress-inducible 
genes such as rd29A, kinl, cor6.6 and rd!7, under drought, high salt and high and 
low temperature conditions. Concerning the ABA-independent pathways, the 
30 existence of several drought-induced genes that do not respond to cold or ABA 
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treatment suggest that there is at least a fourth pathway, which can be involved in the 
plant tolerance to environmental stress, such as dehydration. As suggested by the 
classes of mutants recovered that respond in different ways to ABA, cold and 
osmotic stress ABA-dependent and ABA-independent pathways may interact and 
5 coverage to activate stress genes. 

Several MYB recognition sites have been found in the promoter regions of 
different genes induced under osmotic stresses. Therefore, Applicants studied the 
possible involvement of MYB proteins in the regulation of stress induced genes. 
The expression pattern of four MYB genes were analyzed in response to different 

10 osmotic stress. Certain putative target genes known to be induced by water stress, 
i.e., AtPSCSl, rd22 t erdlO and ADH1, were also included in this analysis to 
hypothetical ly localize these MYB transcription factors along the four different 
signal transduction pathways recently proposed. 

Seeds of wild type Arabidopsis thaliana (Columbia ecotype) were used in 

1 5 this study. For cold treatment seeds were sown on Einhietserde soil, treated at 4°C 
for 4 days to promote even germination, then grown with a 16-hours light/8-hours 
dark cycle at 22°C for 4 weeks and subsequently incubated at 4°C for up to 48 hours 
in the dark. The entire aerial part of the plants was collected after 2, 4, 6, 8, 24, and 
48 hours. 

20 For drought, ABA, PEG and NaCl treatments seeds were surface-sterilized 

with ethanol for 2 minutes, then with a solution of sodium hypoclorite (0.5% v/v) for 
5 minutes, rinsed 3 times with sterilized distilled water, treated at 4°C for 4 days to 
promote even germination. For drought treatment sterilized seeds were sown on MS 
medium agar (0.8% w/v) plates, supplemented with sucrose (1% w/v) and MES (0.5 

25 g L' 1 ), grown with a 1 6-hour light/8-hour dark cycle at 22 °C for 2 weeks, then 
dehydrated on 3 MM paper at 22 °C in the light for 1, 2, 3, 5, and 7 hours. 

For ABA, PEG (Polyethyleneglycol 6000) and NaCl treatments plants were 
grown in liquid MS medium, supplemented with sucrose (3% w/v) and MES (00.5 g 
L" 1 ), with a 16-hour light/8-hour dark cycle at 22°C for 3 weeks in an orbital shaker, 

30 then ABA (± cis-trans isomers) or PEG 6000 or NaCl were added at a final 
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concentration of 100 ^M, 30% w/v and 200 mM respectively; the samples were 
collected after 1, 2, 4, 6, 8, 16, 24, and 48 hours. For PEG 30% treatment after 6 
hours of stress samples were re-hydrated transferring the plants in fresh medium 
without PEG and collected after 1, 4 and 24 hours (Rlh, R4h and R24h). An 
5 untreated culture (PEG and NaCl control) and a culture treated with the solvent 
ethanol used for the ABA treatment (ABA control) were also harvested. In each 
case the plants were subjected to the stress treatments for various time periods, 
frozen in liquid nitrogen and stored at -80°C. 
The results are shown in Table 1 . 

10 

RNA extraction and RT-PCR analysis 

Total RNA was isolated from whole plants collected at various time periods 
of treatments by methods known to those in the art. 

Reverse transcriptase polymerase chain reaction (RT -PCR) was used to 

1 5 detect A1MYB75 and AtPSCSl genes transcripts. All RNA samples were treated 
with DNasel (1 5 units) before cDNA synthesis. First strand cDNA synthesis was 
carried out from 6^g of total RNA with an oligo (dT) and RT Superscript™ II (300 
units) as recommended by the manufacturer. The primer used was a 35-base 
oligonucleotide with 17dT residues and an adapter (5'- 

20 GGGAATTCGTCGAC A AGC-3 ') (SEQ ID NO: 1 3) sequence. First-strand cDNA 
was used as template for PCR amplification. Amplification reactions containing an 
aliquot of cDNA, IX PCR Buffer II, 2.5 mM MgCl 2 , 200 of each dATP, dCTP, 
dGTP and dTTP, 0.1 fjM of each primer and 2.5 unit of AmpliTaq were performed 
in a final volume of 50 After the first denaturation step (2 min and 30 sec at 

25 94 °C), the reaction mix underwent 20 cycles of denaturation at 94°C at 45 sec, 

annealing at 55°C for 1 min and extension at 72°C for 2 min. A final extension at 
72°C for 7 min was performed to complete the reaction. A set of primers specific 
for the TSBJ gene of Arabidopsis, which encodes the p subunit of tryptophan 
synthase, were used to standardize the concentration of the different samples. The 

30 length of the amplified product was 476 bp. To ensure the amplification reactions 

38 



WO 01/32002 



BNSDOCIO: <WO 0132O02A1 . IA> 



WO 01/32002 

were within linear ranges, the reactions were carried out for 20 cycles. The PCR 
products were fractionated on 2% w/v agarose gels and transferred onto Hybond N+ 
nylon membranes and hybridized employing probe labeled with fluorescein, 
according to the manufacturers' protocols. This standardization was confirmed 
5 using a set of primers specific for Arabidopsis ACT1 gene that encodes for actin. 
For mRNA detection of the genes under analysis, the specific primer sets were used. 
The PCR products were then separated on agarose gels 2% w/v, and transferred onto 
Hybond N+ nylon membranes and hybridized with random primed fluorescein 
fragments. 

10 Four MYB genes were studied in response to osmotic stress. Quantitative 

RT-PCR analysis was performed on RNA samples obtained from plants exposed to 
abiotic stresses like low temperature, drought, high salt, PEG and abscisic acid 
supply. Applicants analyzed the kinetics of expression of four MYB genes and of 
four putative target genes known to be induced by water stress, AtP5CSl t rd22 t 

1 5 erdJO and ADHL The cDNA and amino acid sequences of AtMYB60 are reported in 
Figure 1, of AtMYB74 in Figure 2, of AiMYB75 in Figure 3 A and Figure 3B, and of 
A1MYB90 in Figure 4. 

Table l summarizes the results obtained for all genes analyzed. 
Table 1 

20 Schematic representation of MYB genes and AtPSCSl, erdlO, rd22 and 
ADH1 genes expression under different stress conditions: drought, PEG 
(30%), ABA (100 nM), NaCI (200 mM) and cold (4°C). 
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Drought PEG ABA NaCI Cold 

25 AtMYB60 - - - - - - - - 0 

AtMYB74 + + + + + + + + + 0 + 

AtM YB75 + + + + + + + + + + + + n.d. 

AtMYB90 + 0 + + + + + + n.s. 

30 AtP5CSl + + + + + 0 + + + 

erd 10 + + + + + + + + + + + 
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rd22 + 
ADH1 + 

Symbols indicated: n.s, no signal; n.d. not determined; 0 no induction; + slight 
5 induction; + + + high induction; - slight repression; high repression 

The expression of AtPSCSl (see Figure 5) was strongly induced within 1 
hour after the initiation of drought treatment and high levels of transcript were 
maintained during 7 hours of dehydration. These data are consistent with 

10 previously published results where the expression of AtPSCSl was induced by 

exogenous ABA treatment. ABA supply induced AtPSCSl gene expression within 2 
hours, reaching a peak after 4 hours, then the level of this transcript decreased 
gradually. In PEG treated plants AtPSCSl mRNA was induced in a two-phase time 
course: the first peak of induction was observed after 1 hour of PEG supply, then 

15 the level of expression decreased; after 6 hours mRNA accumulated once again. 

When plants treated with PEG for 6 hours were re-hydrated for 1, 4 and 24 hours the 
level of the transcript decreased gradually, returning to the level present in untreated 
plants. A similar two phases induction process was also observed for rd22 (see 
Figure 6), erdlO (see Figure 7) and ADM (see Figure 8). The same kinetics had 

20 been previously reported for erdlO gene upon cold stress and for rd29A during 

dehydration treatment. It has been shown that in dehydration conditions endogenous 
ABA began to accumulate 2 h after the beginning of the treatment and reached its 
maximum at 10 hours. Taken together, these results suggest that the first rapid 
induction in the two-step kinetics is not mediated by ABA, while the late induction 

25 is AB A-dependent. Our results from PEG and ABA treatments confirm a role for 
ABA in the late induction not only for erdlO but also for AtPSCSl, rd22, and ADH1 
while early transcript accumulation seems to be ABA-independent. 

Among the MYB genes analyzed only AtMYB74 (see Figure 9) and 
AtMYBIS (see Figure 10) are rapidly induced in response to PEG 30% and their 

30 transcripts are maintained at high level throughout the length of the treatments even 
if only AtMYB74 shows a clear two phases induction process. Their transcripts are 
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also induced very rapidly by exogenous ABA and drought treatments, while their 
expression is differentially modulated by NaCl treatment (Table 1). Therefore, 
AIMYB74 and AtMVB75 are believed to be good candidates to regulate genes 
involved in water stress response along two different signal transduction pathways 
5 an ABA-independent pathway, early activated under osmotic stress and responsible 
for the rapid induction of AtMYB74 and A/MYB75 as well as an AB A-dependent 
pathway, activated after ABA accumulation and responsible for the second phase of 
induction of those genes. See the comparison of the expression patterns of 
AtMYB75 and AtMYB74 to ER10, ADH1, P5CS1 and RD22 in Figure 1 1 . 

10 Another gene, AtMYB90, phylogenetically correlated to AtMYB75, showed 

a similar pattern of expression in response to ABA and NaCl, while it is not induced 
by PEG treatment (see results of the RT-PCR analysis in Figure 12). In response to 
drought treatment A/MVB90 transcript appears three hours after the beginning of the 
stress and its level is reduced with respect to that of AtMYB74 and AtMYB75 (Table 

15 1). Therefore, its role in stress response is not very clear. AtMYB60 was the only 
MYB gene analyzed that was repressed by water and osmotic stress conditions 
(Table 1): its transcript levels decreased significantly within 1 hour after the 
initiation of drought and ABA treatment and only slightly after PEG and NaCl 
supply (between 4 and 6 hours after the initiation of the treatments). 

20 It is believed from these experiments that AtMYB74 is activated by stress 

both by an ABA dependent and an ABA independent pathway, while AtMYB60 is 
repressed by stress (particularly drought stress) in an ABA dependent manner. 

25 EXAMPLE 2 

Phenylpropanoid molecules comprise a set of important secondary products 
such as anthocyanin pigments, flavonoids, phytoalexins, phenolics acids which are 
involved in the protection of plants against UV damage, oxidative stress, pathogen 
attack, etc. The biochemical pathways leading to the synthesis of most of these 
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compounds are understood and several of the structural and regulatory genes 
involved have been cloned from maize, petunia and snapdragon. 

In maize the enzymes involved in this biosynthesis are regulated in a 
coordinated way as a result of the activation of regulatory genes that are expressed in 

5 a tissue specific manner. Genetic and molecular analyses indicate that the regulatory 
genes can be grouped in two families, the R/B gene family, which encodes related 
proteins with a basic-helix-loop-helix (bHLH) DNA binding domain and the Cl/Pl 
family, which encodes related proteins with MYB-domain. A member of each of 
the two families is preferably expressed for the transcriptional activation of the 

10 biosynthetic genes. 

The RNA gel blot and RT-PCR analysis has revealed that light dependent 
anthocyanin accumulation is due to the light induced expression of the MYB CI and 
PI genes. 

In Arabidopsis the structural genes of the flavonoid pathway had previously 

1 5 been studied and cloned but the transcription factors regulating this biosynthesis 
were not previously understood. To understand the role of MYB genes in 
Arabidopsis, Applicants undertook a quantitative RT-PCR analysis performed on 
RNA samples of Arabidopsis obtained from several tissues and at different times 
after treatment with radiations such as white and blue light, UVA, UVB. The 

20 expression patterns were then compared with those of chalcone synthase (CHS) gene 
and dihydroflavonol-4-reductase (D4R) gene, structural genes of the flavonoid 
pathway. The expression patterns are shown in Fig. 15. The MYB-75 and MYB-90 
expression patterns in response to white, blue, UV-A and UV-B light are consistent 
with their putative role in the control of phenylpropanoid pathway. 

25 The expression pattern of AtMYB75 and chalcone synthase (CHS gene), 

induced by white, blue, UVA and UVB light suggests that MYB 75 could regulate 
the expression of CHS while that of AtMYB90 and D4R induced with a similar 
kinetic by white, blue and UVA light suggests that MYB 90 could regulate the 
expression of D4R. The believed roles of MYB75 and MYB90 in the 

30 phenylpropanoid metabolic pathway are depicted in Figure 16. 
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Among.the more than 100 MYB genes cloned in Arahidopsis, the ones 
showing the highest similarity to the maize CI and PI gene are AtMYB75 and 
AtMYB90. Thus, Applicants believe that AtMYB75 and AtMYB90 are 
transcription factors that regulate flavonoid biosynthesis. 

5 

EXAMPLE 3 

Construction and Analysis of MYB Transgenic plants. 

Individually, each of the MYB genes of the present invention are placed in a 
sense or antisense orientation under the control of the constitutive CaMV 35 S 
10 promoter and are introduced into the tobacco cuitivar Xanthi. Independent 

transgenic tobacco plants are generated. Vector-only transformed plants are also 
generated to be used as controls. The MYB transgenic plants exhibit enhanced 
resistance to environmental stresses as compared to the control plants. 

Transgenic plants having MYB genes introduced in the antisense orientation 
1 5 exhibit increased sensitivity to environmental stresses, such as drought and high salt 
conditions, as compared to the control plants. These plants show a decrease in 
expression of the MYB genes that enhance resistance to the high stress conditions. 

Progeny of plants having the MYB introduced in the sense and antisense 
orientation are each collected and further analyzed. Resistant and sensitive progeny 
20 are generated for further use. 

EXAMPLE 4 

To induce anthocyanin pigmentation in maize, the contemporary expression 
of one member of the R/Sn gene family (bHLH transcription factors) and a member 
25 of the Cl/Pl gene family (MYB)is needed. So we used a maize line carrying 
deletion for the r genes and carrying a small pi gene (recessive allele). In this 
condition no anthocyanin pigment are produced. 

Applicants performed a shot gun experiment. The constructs used were 
cDNA of the different genes under 35S promoter. Individually, MYB 75 and 
30 MYB 90 genes from Arabidopsis, were introduced into maize mutants lacking 
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anthocyanin. Applicants shot gun germinated maize seeds with the different 
combinations of construct and after four days we scored the seedlings for red spots. 
The presence of red spots is due to an accumulation of anthocyanin, which indicates 
that the transcription factors were expressed and able to induce the transcription of 
5 the structural genes of the anthocyanin biosynthetic pathway. The results of this 
experiment are set forth in Table 2 below 



TABLE 2 



10 



15 



Constructs used 

Sn + C1 

Sn only 

CI only 

Sn + MYB 75 

Sn + MYB90 

Sn + MYB75 + MYB 90 



observation 
red pigmented cells 
no pigmented cells 
no pigmented cells 
red pigmented cells 
red pigmented cells 
red pigmented cells 



These results in Table 2 indicate that AtMYB75 and AtMYB90 are able to 
complement maize mutants and are able to functional substitute the maize CI gene 
in activating the anthocyanin biosynthesis in maize. Thus, anthocyanin was 
20 induced in the maize plants. This experiment shows that MYB75 and MYB90 genes 
cure the defect of a lack of anthocyanin in mutant plants. The experiment also show 
that the MYB genes may be stably transformed into plants and that cross species 
introduction of these genes is successful. Applicants believe that the MYB75 and 
MYB90 genes activate the anthocyanin pathway. 

25 

Conclusion 

Although the present invention has been described with respect to exemplary 
embodiments, there are many other variations of the above-described embodiments 
which will be apparent to those skilled in the art, even where elements have not 
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explicitly been designated as exemplary. It is understood that these modifications 
are within the teaching of the present invention. 



45 



BNSDOCID. <WO _0132002A1_IA> 



1 ) 

PCT/US00/30503 
We claim: 

1 . A compound comprising a nucleic acid molecule comprising a 
sequence that encodes a plant stress tolerance-related myloblastosis (MYB) 
transcription factor. 

5 

2. The compound of claim 1 , wherein the MYB transcription factor is 
selected from the group consisting of MYB60, MYB74, MYB75, and MYB 90. 

3. The compound of claim 1 , wherein the nucleic acid molecule encodes 
1 0 an amino acid sequence selected from the group consisting of SEQ ED NO:2, SEQ 

ID NO:4, SEQ ID NO:6, and SEQ ID NO:8 

4. The compound of claim 1 , wherein the nucleic acid molecule encodes 
an amino acid sequence having a sequence identity of about 50% to about 100% 

1 5* with an amino acid sequence selected from the group consisting of SEQ ID NO:2, 
SEQ ID NO:4, SEQ ID NO:6, and SEQ ID NO:8 

5. The compound of claim 1 , wherein the nucleic acid molecule encodes 
an amino acid sequence having a sequence identity of about 65% to about 99% with 

20 an amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO 6, and SEQ ID NO:8. 

6. The compound of claim 1 , wherein the nucleic acid molecule encodes 
an amino acid sequence having a sequence identity of about 70% to about 99% with 

25 an amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ 
ID NO:4, SEQ ID NO:6, and SEQ ID NO:8. 

7. The compound of claim 1, wherein the nucleic acid sequence is a 
sequence selected from the group consisting of SEQ ID NO: I, SEQ ID NO:3, SEQ 

30 ID NO:5, and SEQ ID NO:7. 
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8. The compound of claim 1 , wherein the nucleic acid sequence is a 
sequence sharing a sequence identity of about 50% to about 100% with a nucleic 
acid sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO:3, 
SEQ ID NO:5, and SEQ ED NO:7. 

5 

9. The compound of claim 1 , wherein the nucleic acid sequence is a 
sequence sharing a sequence identity of about 65% to about 99% with a nucleic acid 
sequence selected from the group consisting of SEQ ID NO: 1 , SEQ ED NO:3, SEQ 
ID NO: 5, and SEQ ID NO: 7. 



10 



15 



1 0. The compound of claim 1 , wherein the nucleic acid sequence is a 
sequence sharing a sequence identity of about 70% to about 99% with a nucleic acid 
sequence selected from the group consisting of SEQ ED NO: 1, SEQ ED NO:3, SEQ 
ID NO:5 and SEQ ED NO:7. 

11. A recombinant vector comprising the nucleic acid molecule of claim 

1. 



12. A compound comprising a nucleic acid molecule comprising a 
20 nucleic acid molecule encoding an RNA molecule which is substantially 

homologous to at least a portion of an RNA transcript of a plant MYB gene, wherein 
said plant MYB gene hybridizes under low stringency conditions with a nucleic acid 
sequence encoding a MYB transcription factor selected from the group consisting of 
MYB60, MYB74, MYB75, and MYB 90. 

25 

1 3 The compound of claim 1 2, wherein the MYB transcription factor is 
selected from the group consisting of SEQ ID NO:2, SEQ ED NO:4, SEQ ED NO:6, 
and SEQ ID NO:8. 
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14. The compound of claim 12, wherein the MYB transcription factor has 
a sequence identity of about 50% to about 100% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO: 8. 

5 

15. The compound of claim 1 2, wherein the MYB transcription factor has 
a sequence identity of about 65% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8. 

10 

16. The compound of claim 1 2, wherein the MYB transcription factor has 
a sequence identity of about 70% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO.2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8. 

1 7. The compound of claim 1 2, wherein the MYB gene has a sequence 
selected from the group cons.sting of SEQ ID NOT, SEQ ID NO:3, SEQ ID NO:5, 
and SEQ ID NO:7 

20 is. The compound of claim 1 2, wherein the MYB gene has a sequence 

identity of about 50% to about 100% with a nucleic acid sequence selected from the 
group consisting of SEQ ID NO:l , SEQ ID NO:3, SEQ ID NO:5, and SEQ ID 
NO:7. 

25 1 9. The compound of claim 1 2, wherein the MYB gene has a sequence 

identity of about 65% to about 99% with a nucleic acid sequence selected from the 
group consisting of SEQ ID NO: 1 , SEQ ID NO:3, SEQ ID NO:5, and SEQ ID 
NO:7. 



15 
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20. The compound of claim 12, wherein the MYB gene has a sequence 
identity of about 70% to about 99% with a nucleic acid sequence selected from the 
group consisting of SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, and SEQ ID 
NO:7. 

5 

21 . The compound of claim 12, wherein the nucleic acid molecule 
comprises at least about six nucleotides. 

22. A recombinant vector for transformation of plant cells, comprising 

10 a nucleic acid molecule substantially homologous to (1 ) at least a portion of a 

DNA molecule encoding a MYB transcription factor selected from the group 
consisting of MYB60, MYB74, MYB75 and MYB90, or (2) at least a portion of an 
RNA sequence encoded by the DNA molecule encoding said MYB transcription 
factor; and 

1 5 regulatory sequences operatively linked to the nucleic acid molecule such 

that the nucleic acid molecule is expressed in a plant cell into which it is 
transformed. 

23. A MYB polypeptide comprising a plant stress tolerance-related MYB 
20 transcription factor. 

24. The MYB polypeptide of claim 23, wherein the MYB polypeptide is 
a MYB transcription factor having a sequence selected from the group consisting of 
SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO: 6, and SEQ ID NO:8. 

25 

25. The MYB polypeptide of claim 23, wherein the MYB polypeptide is 
a MYB transcription factor sharing a sequence identity of about 50% to about 100% 
with an amino acid sequence selected from the group consisting of SEQ ID NO:2, 
SEQ ID N04, SEQ ID NO:6, and SEQ ID NO:8. 

30 
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26. The MYB polypeptide of claim 23, wherein the MYB polypeptide is 
a MYB transcription factor sharing a sequence identity of about 65% to about 99% 
with an amino acid sequence selected from the group consisting of SEQ ID NO:2, 
SEQ ID NO.4, SEQ ID NO:6, and SEQ ID NO:8. 

5 

27. The MYB polypeptide of claim 23, wherein the MYB polypeptide is 
a MYB transcription factor sharing a sequence identity of about 70% to about 99% 
with an amino acid sequence selected from the group consisting of SEQ ID NO:2, 
SEQ ID NO:4, SEQ ID NO:6, and SEQ ID NO:8 



10 



28. An antibody of the MYB polypeptide of claim 23. 



29. The antibody of claim 28, wherein the MYB polypeptide is a MYB 
transcription factor having a sequence selected from the group consisting of SEQ ID 

1 5 NO:2, SEQ ID NO.4, SEQ ID NO.6, and SEQ ID NO:8. 

30. The antibody of claim 28, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 50% to about 100% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 

20 NO:4, SEQ ID NO:6, and SEQ ID NO:8. 

31. The antibody of claim 28, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 65% to about 99% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 

25 NO:4, SEQ ID NO:6 and SEQ ID NO:8. 

32. The antibody of claim 28, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 70% to about 99% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 

30 NO:4, SEQ ID NO:6, and SEQ ID NO:8. 
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33 . A variant of the MYB polypeptide of claim 23 

34. The variant of claim 33, wherein the MYB polypeptide is a MYB 
transcription factor having a sequence selected from the group consisting of SEQ ID 

5 NO:2, SEQ ID NO :4, SEQ ID NO:6, and SEQ ID NO:8. 

35. The variant of claim 33, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 50% to about 100% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 

10 NO:4, SEQ ID N0 6, and SEQ ID NO: 8. 

36 The variant of claim 33, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 65% to about 99% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 
1 5 NO:4, SEQ TD N0 6, and SEQ ID NO:8. 

37. The variant of claim 33, wherein the MYB polypeptide is a MYB 
transcription factor sharing a sequence identity of about 70% to about 99% with an 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 

20 NO.4, SEQ ID NO 6, and SEQ ID NO:8. 

38. A method for enhancing a plant's tolerance to stress comprising 
transforming said plant with a vector as claimed in claim 11. 

25 39. The method of claim 38, wherein said plant is selected from the 

group consisting of whole plants, plant parts and progeny thereof. 

40. A method of producing a transgenic plant with enhanced stress 
tolerance comprising: 
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transforming at least one plant cell with a recombinant DNA construct 
comprising a nucleic acid sequence encoding a MYB transcription factor; and 
regenerating a transgenic plant from the transformed cell, whereby the 
increased expression of the MYB transcription factor confers enhanced stress 
5 tolerance to the plant. 

41 The method of claim 40, wherein said MYB transcription factor is 
selected from the group consisting of MYB60, MYB74, MYB75 and MYB90. 



10 



42. The method of claim 40, wherein said MYB transcription factor has a 
sequence selected from the group consisting of SEQ ID NO.l, SEQ ID N0.3, SEQ 
ID NO:5, and SEQ ID NO:7. 

43 The method of claim 40, wherein the MYB transcription factor shares 
1 5 a sequence identity of about 50% to about 100% with an amino acid sequence 

selected from the group consisting of SEQ ID NO: 1 , SEQ ID NO:3, SEQ ID NO: 5, 
and SEQ ID NO:7. 

44. The method of claim 40, wherein the MYB transcription factor shares 
20 a sequence identity of about 65% to about 99% with an amino acid sequence 

selected from the group consisting of SEQ ID NO: 1 , SEQ ID NO:3, SEQ ID NO:5, 
and SEQ ID NO:7. 

45. The method of claim 40, wherein the MYB transcription factor shares 
25 a sequence identity of about 70% to about 99% with an amino acid sequence 

selected from the group consisting of SEQ ID NO l, SEQ ID NO:3, SEQ ID NO:5, 
and SEQ ID NO:7. 

46. The method of claim 40, wherein the nucleic acid sequence encoding 
30 a MYB transcription factor is operatively linked to a promoter. 
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47. The method of claim 40, wherein the stress tolerance comprises salt 
stress tolerance. 

48. The method of claim 40, wherein the stress tolerance comprises 
5 drought stress tolerance. 

49. The method of claim 40, wherein the stress tolerance comprises cold 
stress tolerance. 

! o 50. The method of claim 40, wherein the stress tolerance comprises heat 

stress tolerance. 

5 1 . The method of claim 40, wherein the nucleic acid sequence is a DNA 
sequence. 

15 

52. The method of claim 40, wherein the nucleic acid sequence is an 
RNA sequence. 

52. The method of claim 40, wherein the nucleic acid sequence is a single 
20 stranded sequence. 

52. The method of claim 40, wherein the nucleic acid sequence is a 
double stranded sequence. 

25 53. The method of claim 40, wherein said plant is selected from the 

group consisting of whole plants, plant parts and progeny thereof. 

54. A method of increasing the expression of a MYB transcription factor 
in a plant comprising: 
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transforming at least one plant cell with a recombinant DNA construct 
comprising a nucleic acid sequence encoding a MYB transcription factor, and 
regenerating a transgenic plant from the transformed cell, wherein the 
expression of the MYB transcription factor is increased relative to a non- 
5 transformed plant and whereby the increased expression of the MYB transcription 
factor confers enhanced stress tolerance to the plant. 

55. The method of claim 54, wherein said MYB transcription factor is 
selected from the group consisting of MYB60, MYB 74, MYB75 and MYB 90. 

10 

56. The method of claim 54, wherein said MYB transcription factor has a 
sequence selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ 
ID NO:6, and SEQ ID NO: 8. 

15 57. The method of claim 54, wherein the MYB transcription factor shares 

a sequence identity of about 50% to about 100% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8. 

20 58. The method of claim 54, wherein the MYB transcription factor shares 

a sequence identity of about 65% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8 

25 59. The method of claim 54, wherein the MYB transcription factor shares 

a sequence identity of about 70% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8. 
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60. The method of claim 54, wherein the increased expression of the 
MYB transcription factor increases the stress tolerance of the plant. 

61 The method of claim 60, wherein the stress tolerance comprises salt 
5 stress tolerance. 

62. The method of claim 60, wherein the stress tolerance comprises 
drought stress tolerance. 

! 0 63 . The method of claim 60, wherein the stress tolerance comprises cold 

stress tolerance. 

64. The method of claim 60, wherein the stress tolerance comprises heat 
stress tolerance. 

15 

65. The method of claim 54, wherein the nucleic acid sequence is a DNA 
sequence. 

66. The method of claim 54, wherein the nucleic acid sequence is an 
20 RNA sequence. 



67. The method of claim 54, wherein the nucleic acid sequence is a single 
stranded sequence. 

25 

68. The method of claim 54, wherein the nucleic acid sequence is a 
double stranded sequence. 

69. The method of claim 54, wherein said plant is selected from the 
30 group consisting of whole plants, plant parts and progeny thereof. 
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70. A method of increasing the stress tolerance of a plant comprising: 
transforming at least one plant cell with a recombinant DNA construct 
comprising a nucleic acid sequence encoding a MYB transcription factor; and 
regenerating a transgenic plant from the transformed cell, wherein the 
5 expression of the MYB transcription factor is increased relative to a non- 
transformed plant and whereby the increased expression of the MYB transcription 
factor confers enhanced stress tolerance to the plant. 

71 The method of claim 70, wherein said MYB transcription factor is 
selected from the group consisting of MYB60, MYB74, MYB75 and MYB90. 



10 



15 



20 



25 



72. The method of claim 70, wherein said MYB transcription factor has a 
sequence selected from the group consisting of SEQ ID NO.2, SEQ ID NO:4, SEQ 
ID NO:6, and SEQ ID NO:8. 

73 The method of claim 70, wherein the MYB transcription factor shares 
a sequence identity of about 50% to about 100% with an amino acid sequence 
selected from the group consisting of SEQ ID NO.2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8. 

74. The method of claim 70, wherein the MYB transcription factor shares 
a sequence identity of about 65% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO:8. 

75. The method of claim 70, wherein the MYB transcription factor shares 
a sequence identity of about 70% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO .2, SEQ ID NO:4, SEQ ID NO:6, 
and SEQ ID NO.8. 



30 
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76. The method of claim 70, wherein the stress tolerance comprises salt 
stress tolerance. 

5 77. The method of claim 70, wherein the stress tolerance comprises 

drought stress tolerance. 

78. The method of claim 70, wherein the stress tolerance comprises cold 
stress tolerance. 

10 

79. The method of claim 70, wherein the stress tolerance comprises heat 
stress tolerance. 

80. The method of claim 70, wherein the nucleic acid sequence is a DNA 
1 5 sequence. 

8 1 . The method of claim 70, wherein the nucleic acid sequence is an 
RNA sequence. 

20 82. The method of claim 70, wherein the nucleic acid sequence is a single 

stranded sequence. 

83 The method of claim 70, wherein the nucleic acid sequence is a 
double stranded sequence. 

25 

84. The method of claim 70, wherein said plant is selected from the 
group consisting of whole plants, plant parts and progeny thereof 
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85. A method for enhancing a plant's sensitivity to stress comprising 
transforming said plant with a vector as claimed in claim 22. 

86. The method of claim 85, wherein said plant is selected from the 
5 group consisting of whole plants, plant parts and progeny thereof 

87. A method of producing a stress sensitive transgenic plant having a 
reduced level of MYB transcription factors comprising: 

transforming a plant with a vector comprising an antisense nucleic acid 
1 0 molecule substantially complementary to at least a portion of a DNA molecule 
encoding a MYB transcription factor or at least a portion of an RNA sequence 
encoded by the DNA molecule encoding said MYB transcription factor; and 
regulatory sequences operatively linked to the antisense nucleic acid molecule; 
allowing the plant to grow to at least a plantlet stage; 
1 5 assaying the transformed plant or plantlet for altered MYB activity and/or 

environmental stress sensitivity; and 

selecting and growing a plant having altered MYB activity and/or 
environmental stress sensitivity compared to a non-transformed plant. 

20 88. The method of claim 87, wherein said MYB transcription factor is 

selected from the group consisting of MYB60, MYB74, MYB75 and MYB 90. 

89. The method of claim 87, wherein said MYB transcription factor has a 
sequence selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ 

25 ED NO:6, and SEQ ID NO:8. 

90. The method of claim 87, wherein said MYB transcription factor 
shares a sequence identity of about 50% to about 100% with an amino acid sequence 
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 

30 and SEQ ID NO:8. 
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91 The method of claim 87, wherein said MYB transcription factor 
shares a sequence identity of about 65% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ID NO.2, SEQ ID NO.4, SEQ ID NO:6, 
and SEQ ID NO:8. 

5 

92. The method of claim 87, wherein said MYB transcription factor 
shares a sequence identity of about 70% to about 99% with an amino acid sequence 
selected from the group consisting of SEQ ED NO:2, SEQ ID NO:4, SEQ ID NO:6, 

10 and SEQ ID NO: 8. 

93. The method of claim 87, wherein said plant is selected from the 
group consisting of whole plants, plant parts and progeny thereof. 

, 5 94 The method of claim 87, wherein said plant acts as an environmental 

monitor. 

95 A transgenic plant produced by the transformation of at least one cell 
of a plant with the recombinant vector of claim 11. 

20 

96. The transgenic plant of claim 95, wherein the plant is selected from 
the group consisting of whole plants, plant parts and progeny thereof. 

97. A transgenic plant produced by the transformation of at least one cell 
25 of a plant with the recombinant vector of claim 22. 

98. The transgenic plant of claim 97, wherein the plant is selected from 
the group consisting of whole plants, plant parts and progeny thereof. 
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99. A seed produced by the transformation of at least one cell of a seed, 
plant, plant part or progeny thereof with the recombinant vector of claim 1 1 . 

1 00. A seed produced by the transformation of at least one cell of a seed, 
5 plant, plant part or progeny thereof with the recombinant vector of claim 22. 

1 0 1 . A method of screening a plant for stress tolerance comprising 
screening the expression level of a stress tolerance-related MYB 

transcription factor in a plant. 

10 

102. The method of claim 101, wherein the plant is selected from the 
group consisting of whole plants, plant parts and progeny thereof 

103. A transgenic plant stably transformed with a nucleic acid molecule 

1 5 comprising a MYB gene, which is expressed so as to enhance stress tolerance of said 
plant. 

104. The transgenic plant of claim 103, wherein the plant is selected from 
the group consisting of whole plants, plant parts and progeny thereof. 

20 

105. The transgenic plant of claim 103, wherein said nucleic acid molecule 
further comprises a screenable marker gene. 

106. A transgenic plant stably transformed with a nucleic acid molecule 
25 that encodes an RNA molecule which is substantially homologous to at least a 

portion of an RNA transcript of a plant MYB gene, wherein said plant MYB gene 
hybridizes under low stringency conditions with a nucleic acid sequence encoding a 
MYB transcription factor selected from the group consisting of MYB60, MYB 74, 
MYB75 and MYB90, and wherein said DNA molecule is expressed so as to enhance 
30 stress sensitivity of said plant. 
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107. The transgenic plant of claim 106, wherein the plant is selected from 
the group consisting of whole plants, plant parts and progeny thereof. 

5 108. The transgenic plant of claim 1 06, wherein said nucleic acid molecule 

further comprises a screenable marker gene. 

109. An isolated nucleic acid molecule comprising a sequence that 
encodes a plant stress tolerance-related MYB transcription factor, wherein said 

1 0 MYB transcription factor comprises a MYB transcription factor selected from the 
group consisting of MYB60, MYB74, MYB 75 and MYB 90. 

110. The isolated nucleic acid molecule of claim 109, wherein the DNA 
molecule hybridizes under low stringency conditions with a nucleic acid sequence 

1 5 selected from the group consisting of SEQ ID NO: 1, SEQ ID NO.3, SEQ ID NO:5 
and SEQ ID NO:7 or a variant of the isolated nucleic acid molecule. 

111. The isolated nucleic acid molecule of claim 109, wherein the DNA 
molecule hybridizes under low stringency conditions with a nucleic acid sequence 

20 encoding an amino acid sequence selected from the group consisting of SEQ ID 
NO :2, SEQ ID NO:4, SEQ ID NO:6 and SEQ ID NO . 8 or a variant of the isolated 
nucleic acid molecule. 

112. An isolated nucleic acid molecule which encodes an RNA molecule 
25 which is substantially homologous to at least a portion of an RNA transcript of a 

plant MYB gene, wherein said plant MYB gene hybridizes under low stringency 
conditions with a nucleic acid sequence encoding plant stress sensitivity-related 
MYB transcription factor selected from the group consisting of MYB60, MYB74, 
MYB75 and MYB90. 

30 
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113. The isolated nucleic acid molecule of claim 1 1 2, wherein the said 
plant MYB gene hybridizes under low stringency conditions with a nucleic acid 
sequence selected from the group consisting of SEQ ID NO: 1 , SEQ ID NO:3, SEQ 
ID NO: 5 and SEQ ID NO:7 or a variant of the isolated nucleic acid molecule. 

5 

1 1 4. The isolated nucleic acid molecule of claim 1 12, wherein the said 
plant MYB gene hybridizes under low stringency conditions with a nucleic acid 
sequence encoding a plant stress sensitivity-related MYB transcription factor having 
an amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ 

1 0 ID NO:4, SEQ ID NO:6 and SEQ ID NO:8 or a variant of the isolated nucleic acid 
molecule. 

115 A method for increasing the stress resistance of a crop in a field 
comprising planting in the field seeds or plants comprising transgenic plants or seeds 
1 5 transformed with the vector of claim 11. 

116. A method of inhibiting the expression of MYB genes in a plant cell, 

said method comprising: 

(1) integrating into the genome of a plant a vector comprising (a) an 

20 antisense nucleic acid molecule substantially complementary to (i) at least a portion 
of a DNA molecule encoding a MYB transcription factor selected from the group 
consisting of MYB60, MYB 74, MYB75 and MYB 90, or (ii) at least a portion of an 
RNA sequence encoded by the DNA molecule encoding said MYB transcription 
factor, and (b) regulatory sequences operatively linked to the antisense nucleic acid 

25 molecule such that the nucleic acid molecule is expressed in a plant cell into which it 

is transformed; and 

(2) growing said plant, whereby said antisense nucleic acid molecule is 
transcribed, whereby expression of said MYB gene is inhibited. 
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117. A method of assaying environmental conditions of a field comprising 
planting at least one plant as in claim 103 in a field; and 
monitoring for growth of said plant 

5 1 1 8 . A method of assaying environmental conditions of a field comprising 

planting at least one plant as in claim 106 in a field; and 
assaying for growth of said plant. 

119. Am ethod of increasing the production of products of the 
1 0 phenylpropanoid biosynthesis pathway in a plant comprising: 

transforming a plant cell with a recombinant DNA construct comprising a 
nucleic acid sequence encoding a MYB transcription factor; and 

regenerating a transgenic plant from the transformed cell, wherein the 
expression of the MYB transcription factor increases the expression of genes 
1 5 encoding gene products affecting the phenylpropanoid pathway, thereby increasing 
the production of products of the phenylpropanoid biosynthesis pathway. 



1 20. The method of claim 1 1 9, wherein the products of the 
phenylpropanoid pathway include one or more of stilbenes, flavonoids, lignins, 
20 salicylic acid, anthocyanins, and phenolic derivatives. 
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AtMYB60 

. cDNA = 949 bp 

• Peptide = 281 a a 

1 GAGAGAGAAAGAT6GGTAGGCCTCCATGCTGT6ACAAGATAGGGATCAAGAAAGGACCAT 
MGRPPCCDKIG T K K G P W 

61 GGACTCCTGMGMGATATCATTCTTGTTTCTTACATTCMGMCATGGTCCTGGAAACT 
TPFFDITI V SYTQEHGPG NW 

121 GGAGATCAGTTCCCACCAACACTGGGTTATTGAGATGCAGCAAAAGTTGTAGACTGAGAT 
RSVPTNTGl I RCS KSCRLRM 

181 GGACAMTTATCTGAGACCTGGMTTAMCGTGGAMCTTTACTCCTCATGAAGAAGGAA 
T N Y I R P G TKRG NFTPHEEGM 

241 TGATCATTCACTTGCAAGCCTTATTGGGTAACAAATGGGCGTCCATAGCTTCATACCTAC 
TTHLnALLGNKW A^TASYL P 

301 CACAMGMCGGACMTGATATCMGMCTACTGGMCACACATTTAMGMGAAGCTCA 
n RTDNDIKNYWN THI KKK L N 

" MYB60FI I 

361 Afl AAGTCTGACAGT^TGAGAGGAGCA GATCAGAGMCATTGCGCTGCAMCTTCTTCGA 

KSDSDERSRSENIALQTSST 

421 CMGAMCACCATTMTCATAGATCTACCTATGCTTCMGCACAGAAMCATTTCCCGCC 
RNTINHRSTYASSTENISRL 

481 TTGTGGAGGGTTGGATGAGAGCGTCTCCAMGAGTAGTACMGTACTACTTTCTTGGAAC 
VEGWMRASPKSSTSTTFLEH 

541 ACAAAATGCAGMCCGGACAMCMTTTCATCGATCATCACAGTGATCAGTTTCCATACG 
KMQNRTNNFIDHHSDQFPYE 

601 AGCAGCTTCAAGGTTCTAGGGAAGAGGGTCATAGCAAAGGAATCAACGGGGATGATGACC 
QLQGSREEGHSKGINGDDDQ 

661 AGGGTATAMGMTTCAGAGAATAACAACGGTGATGATGTTCATCATGAAGATGGTGATC 
6 I KNSEN NNGDDVHHEDGDH 

721 ATGAGGATGATGATGATCATMTGCMCACCACCATTGACATTTATTGAGAAATGGCTTT 
EDDDDHNATPPLTFIEKWLL 

MYB60RIII 

781 TGGAGGAAACAAGTACTACTGGGGGTCAAATGGAAGAGATGA^EGSiESHS^^SiSi 

r- r-T-cTTrinnMFFMS 



3 EETSTTGGQMEEMSHLMELS 

841 lffyS!^S^ GCTTTMTTGTGACATTTTCTCCTTTATTTTT^ 
N M L * 

901 TAAATGAGACTACTAATTrTATATACACAAATAAAGAAACCAGAAAGAC 

FIG.1 
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AtMYB74 

. cDNA = 901 bp 

• Peptide = 260 aa 

1 TATTMGCGTGGM6ATTCTCTTTTGAAGAAGAAGAAACCATTATTCAACTTCACG6CAT 
T K R G R F S F E F F E T T T n I. H G I 

61 CATGGGAAACAAGTGGTCTGCGATTGCGGCTCGTTTGCCTGGAAGAACAGACAACGAGAT 
M ENKWSAIAARLP fiRTDNEI 

= MYB74FII 

121 C ^ A A A ftCTATTGGA AC ArTr.ArATrARAAAAAGAC ffTCTAAAGATGGG AATCGACCCGGir 
KNYWNTHIRKR LLKMGI D P V 

181 TACACACACTCCACGTCTTGATCTTCTCGATATCTCCTCCATTCTCAGCTCATCTATCTA 
THTPRLDLLDISSILSSSIY 

241 CAACTCTTCGCATCATCATCATCATCATCATCAACAACATATGAACATGTCGAGGCTCAT 
MSSHHHHHHHQQHMMMSRLM 

301 GATGAGTGATGGTAATCATCAACCATTGGTTAACCCCGAGATACTCAAACTCGCAACCTC 
M SDGNHQPLVNPEI LKLATS 

361 TCTCTTTTCAAACCAAAACCACCCCAACAACACACACGAGAACAACACGGTTAACCAAAC 
LFSNQNHPNNTHENNTVNQT 

421 CGAAGTAAACCAATACCAAACCGGTTACAACATGCCTGGTAATGAAGAATTACAATCTTG 
EVNQYQTGYNMPGNEELQSW 

481 GTTCCCTATCATGGATCAATTCACGAATTTCCAAGACCTCATGCCAATGAAGACGACGGT 
FPIMDQFTNFQDLMPMKTTV 

541 CCAAMTTCATTGTCATACGATGATGATTGTTCGMGTCCMTTTTGTATTAGAACCTTA 
QNSLSYDDDCSKSNFVLEPY 

601 TTACTCCGACTTTGCTTCAGTCTTGACCACACCTTCTTCAAGCCCGACTCCGTTAAACTC 
YSDFASVLTTPSSSPTPLNS 

MYB74RIII 

661 a Ar-rrrrxr a aptt Ar ^TCMTAGTA^EBBBHBAAA^ 6 ^^ 

SSSTYINSSTCSTEDEKESY 

721 TTACAGTGATMTATCACTMTTATTCGTTTGATGTTMTGGTTTTCTCCAATTCCAATA 
YSDNITNYSFDVNGFLQFQ* 

781 MCAAMCGCCATTGGMTAGAGTTATGTAAACATGCAATCATTGTATTTGTTATATAGA 
841 TTTTGTTACATATCCAAMTCCAAAATACTATAGTTTTAAMTAAAAAAAAAAAAAAAAA 

901 A 

FIG. 2 
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AtMYB 75 cDNA sequence 



CCACGCGTCCGTACCTTTTACMTTTGTTTATATATTTTACGTATCTATCTTTGTTCCATG 
GAGGGTTCGTCCAAAGGGCTGCGAAAAGGTGCTTGGACTACTGAAGAAGATAGTCTCTTGA 
GACAGTGCATTAATAAGTATGGAGAAGGCAAATGGCACCAAGTTCCTGTAAGAGCTGGGCT 
AMCCGGTGCAGGAAMGTTGTAGATTAAGATGGTTGAACTATTTGAAGCCAAGTATCAAG 
AGAGGAAAACTTAGCTCTGATGAAGTCGATCTTCTTCTTCGCCTTCATAGGCTTCTAGGGA 
ATAGGTGGTCTTTAATTGCTGGAAGATTACGTGGTCGGACCGCAAATGACGTCAAGAATTA 
CTGGAACACTCATCTGAGTAAGAAACATGAACCGTGTTGTAAGATAAAGATGAAAAAGAGA 
GACATTACGCCCATTCCTACAACACCGGCACTAAAAAACAATGTTTATAAGCCTCGACCTC 
GATCCTTCACAGTTAACAACGACTGCAACCATCTCAATGCCCCACCAAAAGTTGACGTTAA 
TCCTCCATGCCTTGGACTTAACATCAATAATGTTTGTGACAATAGTATCATATACAACAAA 
GATAAGAAGAAAGACCAACTAGTGAATAATTTGATTGATGGAGATAATATGTGGTTAGAGA 
MTTCCTMGGAMGCCMGAGGTAGATATTTTGGTTCCTGAAGCGACGACAACAGAAAAG 

GGGGACACCTTGGCTTTTGACGTTGATCMCTTTGGAGTCTTT^ 

MTTTGATTAGTGTTTCGMCATTTGTTTGCGTTTGTGTATAGGTTTGCTTTCACCTTTTA 

AmGTGTGTmGATAMTMGCTMTAGTTmAGCATmMTGAMTAmCAAGTT 

TCCGTGTTAC 

FIG.3A 

Aminoacid sequence of AtMYB 75 

MEGSSKGLRKGAWTTEEDSLLRQCINKYGEGKWHQVPVRAGLNRCRKSCRLRWLNYLKPSIK 
RGKLSSDEVDLLLRLHRLLGNRWSLIAGRLPGRTANDVKNYWNTHLSKKHEPCCKIKMKKRD 
ITPI PTTPALKNNVYKPRPRSFTVNNDCNHLNAPPKVDVNPPC LGLN I NNVCDNSHYNKDKK 
KDQLVNNLIDGDNMWLEKFLRKAKR 

FIG.3B 
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AtMYB90 

. cDNA = 1043 bp 

• Peptide = 250 aa 

1 GTCGACCCACGCGTCCGTGGGMGCCACMTMCCCCC TATTC CTCGGCCTTTTTTAAAA 
61 MGTTTTAGMTMTCCGATAAMTACTTTTATATTMTTTTTCTTTGGTCCATGGAGGG 

MEG 

121 TTCGTCCAAAGGGTTGAGGAAAGGTGCATGGACTGCTGAAGAAGATAGTCTCTTGAGGCT 
S S K G I R KGAWTAF FDSLLRL 

181 ATGTATTGATAAGTATGGAGAAGGCAAATGGCATCAAGTTCCTTTGAGAGCTGGGCTAAA 
P. t OKY GEGKWHQV PI RAGLN 

241 TCGATGCAGAAAGAGTTGTAGACTAAGATGGTTGAACTATTTGAAGCCAAGTATCAAGAG 
RCRKSCRLRWLNY LKPS I K R 

301 AGGMGACTTAGCAATGATGAAGTTGATCTTCTTCTTCGCCTTCATAAGCTTCTAGGAAA 
Q R I SNDEVDLI L RL HKLLGN 

361 TAGGTGGTCCTTGATTGCTGGTCGATTGCCTGGTCGGACCGCTAATGATGTCAAAAATTA 
RWSLlAfiRLPRRTAN DVKNY 
. EST193FB 

421 rTr^AArArrrATrTRAGTAAAAA ACATGAGTCTTC GTGTTGTMGTCTVW^TGAAAAA 
W N T H I S K K HESSCCKS KMKK 

481 GAAAMCATTATTTCCCCTCCTACMCACCGGTCCAAAAMTCGGTGTTTTTAAGCCTCG 
KNIISPPTTPVQKIGVFKPR 

541 ACCTCGATCCTTCTCTGTTAACAATGGTTGCAGCCATCTCAATGGTCTGCCAGAAGTTGA 
PRSFSV NNGCSHLNGLPEVD 

601 TTTMTTCCTTCATGCCTTGGACTCAAGAAAAATAATGTTTGTGAAAATAGTATCACATG 
LI PSCLGLKKNNVCENSITC 

661 TAACAAAGATGATGAGAAAGATGATTTTGTGAATAATCTAATGAATGGAGATAATATGTG 
NKDDEKDDFVNNLMNGDNMW 

721 GTTGGAGAATTTACTGGGGGAAAACCAAGAAGCTGATGCGATTGTTCCTGAAGCGACGAC 
LENLLGENQEADAIVPEATT 

MYB90RIII 

781 AGCTGAACATGGGGCCACTTTGGCGTTTGACGTTGAGCAACTTT_ 

AEH GAT LAFDVEQLWSLFDG 



GGAGTCTGTTTCATGG 



84 1 M^^GMCTTGATTAGTGTTTCTC ACCGTTTGTTTAAGATTGTGGGTGGCTTTT 
E T V E L D * 

901 CTTTCGTATTTTAGTMTGTATTTTTCTGTATGMGTAMGMTTTCAGCATTTTAAGAA 
961 AMTGGTTATGTTTCTACGTMTAAAAAAAAACGTTATTTATAAAAAAAAAAAAAAAAAA 
1021 AAAAAAAAAAAAAGGGCGGCCGC 

FIG. 4 
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SEQUENCE LISTING 

<110> BASF, Inc . 

<120> MYB Transcription Factors and Uses 
Thereof 

<130> 789-83 

<14 0> Not Assigned 
<141> 2000-11-06 

<150> 60/163,579 
<151> 1999-11-05 

<150> 09/693,855 
<151> 2000-10-23 

<160> 13 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 949 
<212> DNA 
<213> Plant 

<220> 

<221> CDS 

<222> (12) - . • (854) 



gagagagaaa g atg ggt agg cct cca tgc tgt gac aag ata ggg ate aag 50 
Met Gly Arg Pro Pro Cys Cys Asp Lys He Gly He Lys 
1 5 10 



aaa qqa cca tgg act cct gaa gaa gat ate att ctt gtt tct tac att 
Lys l!y Pro Tr? Thr Pro Glu Glu Asp lie He Leu Val Ser Tyr He 
15 20 25 

caa gaa cat ggt cct gga aac tgg aga tea gtt ccc ace aac act ggg 
Gin Glu His Gly Pro Gly Asn Trp Arg Ser Val Pro Thr Asn Thr Gly 
30 35 40 

tta ttg aga tgc age aaa agt tgt aga ctg aga tgg aca aat tat ctg 
Leu Leu S9 C^s sir Lys Ser Cys Arg Leu Arg Trp Thr Asn Tyr Leu 
50 55 b 

aaa cct qqa act aaa cgt gga aac ttt act cct cat gaa gaa gga atg 
SS Pro !ly Tie Lys Arg Gly Asn Phe Thr Pro His Glu Glu Gly Met 
65 7 ° 75 

ate att cac ttg caa gec tta ttg ggt aac aaa tgg gcg tec ata get 
lie He His Leu Gin Ala Leu Leu Gly Asn Lys Trp Ala Ser lie Ala 
80 85 90 

tea tac eta cca caa aga acg gac aat gat ate aag aac tac tgg aac 
Ser Tyr Leu Pro Gin Arg Thr Asp Asn Asp lie Lys Asn Tyr Trp Asn 
95 100 105 

aca cat tta aag aag aag etc aac aag tct gac agt gat gag agg age 
Thr His Leu Lys Lys Lys Leu Asn Lys Ser Asp Ser Asp Glu Arg Ser 



98 



146 



194 



242 



290 



338 



386 
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110 



115 120 125 



aga tea gag aac att gcg ctg caa act tct teg aca aga aac acc att 
Arg Ser Glu Asn lie Ala Leu Gin Thr Ser Ser Thr Arg Asn Thr lie 
130 135 140 

aat cat aga tct acc tat get tea age aca gaa aac att tec cgc ctt 
Asn His Arg Ser Thr Tyr Ala Ser Ser Thr Glu Asn He Ser Arg Leu 
145 150 155 

gtg gag ggt tgg atg aga gcg tct cca aag agt agt aca agt act act 
Val Glu Gly Trp Met Arg Ala Ser Pro Lys Ser Ser Thr Ser Thr Thr 
160 165 170 

ttc ttg gaa cac aaa atg cag aac egg aca aac aat ttc ate gat cat 
Phe Leu Glu His Lys Met Gin Asn Arg Thr Asn Asn Phe He Asp His 
175 180 185 

cac agt gat cag ttt cca tac gag cag ctt caa ggt tct agg gaa gag 
His Ser Asp Gin Phe Pro Tyr Glu Gin Leu Gin Gly Ser Arg Glu Glu 
190 1 195 200 205 

ggt cat age aaa gga ate aac ggg gat gat gac cag ggt ata aag aat 
Gly His Ser Lys Gly He Asn Gly Asp Asp Asp Gin Gly He Lys Asn 
210 215 220 

tea gag aat aac aac ggt gat gat gtt cat cat gaa gat ggt gat cat 
Ser Glu Asn Asn Asn Gly Asp Asp Val His His Glu Asp Gly Asp His 
225 230 235 

gag gat gat gat gat cat aat gca aca cca cca ttg aca ttt att gag 
Glu Asp Asp Asp Asp His Asn Ala Thr Pro Pro Leu Thr Phe He Glu 
240 245 250 

aaa tgg ctt ttg gag gaa aca agt act act ggg ggt caa atg gaa gag 
Lys Trp Leu Leu Glu Glu Thr Ser Thr Thr Gly Gly Gin Met Glu Glu 
255 260 265 

atg age cac ttg atg gag etc tct aat atg ctt taa ttgtgacatt 
Met Ser His Leu Met Glu Leu Ser Asn Met Leu * 
270 275 280 



434 



482 



530 



578 



626 



674 



722 



770 



818 



864 



ttctccttta ttttttcttt atccttgtga atcttataaa tgagactact aattttatat 924 
acacaaataa agaaaccaga aagac 94 9 

<210> 2 
<211> 280 
<212> PRT 
<213> Plant 

<400> 2 

Met Gly Arg Pro Pro Cys Cys Asp Lys He Gly He Lys Lys Gly Pro 

1 5 10 15 

Trp Thr Pro Glu Glu Asp He lie Leu Val Ser Tyr He Gin Glu His 

20 25 30 

Gly Pro Gly Asn Trp Arg Ser Val Pro Thr Asn Thr Gly Leu Leu Arg 

35 40 45 

Cys Ser Lys Ser Cys Arg Leu Arg Trp Thr Asn Tyr Leu Arg Pro Gly 

50 55 60 

He Lys Arg Gly Asn Phe Thr Pro His Glu Glu Gly Met He He His 
65 * 70 75 80 

Leu Gin Ala Leu Leu Gly Asn Lys Trp Ala Ser He Ala Ser Tyr Leu 
85 90 95 



2 
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Pro Gin Arg Thr Asp Asn Asp He Lys Asn Tyr Trp Asn Thr His Leu 

100 105 110 

Lys Lys Lys Leu Asn Lys Ser Asp Ser Asp Glu Arg Ser Arg Ser Glu 

IXS 120 125 

Asn lie Ala Leu Gin Thr Ser Ser Thr Arg Asn Thr He Asn His Arg 

130 135 I 40 

Ser Thr Tyr Ala Ser Ser Thr Glu Asn He Ser Arg Leu Val Glu Gly 
145 150 155 160 

Trp Met Arg Ala Ser Pro Lys Ser Ser Thr Ser Thr Thr Phe Leu Glu 

165 170 175 

His Lys Met Gin Asn Arg Thr Asn Asn Phe He Asp His His Ser Asp 

180 ~ 185 190 

Gin Phe Pro Tyr Glu Gin Leu Gin Gly Ser Arg Glu Glu Gly His Ser 

195 200 205 

Lys Gly He Asn Gly Asp Asp Asp Gin Gly He Lys Asn Ser Glu Asn 

210 215 220 

Asn Asn Gly Asp Asp Val His His Glu Asp Gly Asp His Glu Asp Asp 
225 * 230 235 ^ 

Asp Asp His Asn Ala Thr Pro Pro Leu Thr Phe lie Glu Lys Trp Leu 

245 250 255 

Leu Glu Glu Thr Ser Thr Thr Gly Gly Gin Met Glu Glu Met Ser His 

260 265 270 

Leu Met Glu Leu Ser Asn Met Leu 
275 280 



<210> 3 
<211> 901 
<212> DNA 
<213> Plant 

<220> 

<221> CDS 

<222> (2) . . . (781) 

Tott aag cgt gga aga ttc tct ttt gaa gaa gaa gaa ace att att caa 4 9 
He Lys Arg Gly Arg Phe Ser Phe Glu Glu Glu Glu Thr He lie Gin 
1 5 1° 15 

ctt cac ggc ate atg gga aac aag tgg tct gcg att gcg get cgt ttg 
Leu His Gly He Met Gly Asn Lys Trp Ser Ala lie Ala Ala Arg Leu 
20 25 30 



cct gga aga aca gac aac gag ate aaa aac tat tgg aac act cac ate 
Pro Gly Arg Thr Asp Asn Glu He Lys Asn Tyr Trp Asn Thr His He 



35 



40 45 



aga aaa aga ctt eta aag atg gga ate gac ccg gtt aca cac act cca 
Arg Lys Arg Leu Leu Lys Met Gly He Asp Pro Val Thr His Thr Pro 
50 " 55 60 

cgt ctt gat ctt etc gat ate tec tec att etc age tea tct ate tac 
Arg Leu Asp Leu Leu Asp lie Ser Ser He Leu Ser Ser Ser He Tyr 

75 80 



65 70 



aac tct tea cat cat cat cat cat cat cat caa caa cat atg aac atg 
Asn Ser Ser His His His His His His His Gin Gin His Met Asn Met 



85 



90 95 



tcq aqg etc atg atg agt gat ggt aat cat caa cca ttg gtt aac ccc 
Set Arg Leu Met Met Ser Asp Gly Asn His Gin Pro Leu Val Asn Pro 
100 105 HO 



97 



145 



193 



241 



289 



337 



3 
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gag ata etc aaa etc aac etc tct ccc ttt tea aac caa aac cac ccc 385 
Glu lie Leu Lys Leu Asn Leu Ser Leu Phe Ser Asn Gin Asn His Pro 
1X5 120 125 

aac aac aca cac gag aac aac acg gtt aac caa acc gaa gta aac caa 433 
Asn Asn Thr His Glu Asn Asn Thr Val Asn Gin Thr Glu Val Asn Gin 
130 135 140 

tac caa acc ggt tac aac atg cct ggt aat gaa gaa tta caa tct tgg 481 
Tvr Gin Thr Gly Tyr Asn Met Pro Gly Asn Glu Glu Leu Gin Ser Trp 
145 150 155 160 

ttc cct ate atg gat caa ttc acg aat ttc caa gae etc atg cca atg 
Phe Pro lie Met Asp Gin Phe Thr Asn Phe Gin Asp Leu Met Pro Met 
165 170 175 

aag acg acg gtc caa aat tea ttg tea tac gat gat gat tgt teg aag 
Lvs Thr Thr Val Gin Asn Ser Leu Ser Tyr Asp Asp Asp Cys Ser Lys 
180 185 190 

tec aat ttt gta tta gaa cct tat tac tec gac ttt get tea gtc ttg 
Ser Asn Phe Val Leu Glu Pro Tyr Tyr Ser Asp Phe Ala Ser Val Leu 
195 200 205 

acc aca cct tct tea age ccg act ccg tta aac tea agt tec tea act 
Thr Thr Pro Ser Ser Ser Pro Thr Pro Leu Asn Ser Ser Ser Ser Thr 
210 215 220 

tac ate aat agt age act tgc age acc gag gat gaa aaa gag agt tat 
Tvr He Asn Ser Ser Thr Cys Ser Thr Glu Asp Glu Lys Glu Ser Tyr 
225 230 235 240 

tac agt gat aat ate act aat tat teg ttt gat gtt aat ggt ttt etc 
Tvr Ser Asp Asn He Thr Asn Tyr Ser Phe Asp Val Asn Gly Phe Leu 
245 250 255 

caa ttc caa taa acaaaacgcc attggaatag agttatgtaa acatgeaate 
Gin Phe Gin 



529 



577 



625 



673 



721 



769 



821 



attgtatttg ttatatagat tttgttacat atccaaaatc caaaataeta tagttttaaa 
ataaaaaaaa aaaaaaaaaa 

<210> 4 
<211> 259 
<212> PRT 
<213> Plant 



<400> 4 
He Lys 
1 


Arg Gly Arg 
5 


Phe 


Ser 


Phe 


Glu Glu 
10 


Glu 


Glu 


Thr 


He 


lie 
15 


Gin 


Leu 


His 


Gly 


He 


Met 


Gly Asn 


Lys 


Trp Ser 


Ala 


He 


Ala 


Ala 


Arg 


Leu 






20 










25 








30 




He 


Pro 


Gly Arg 


Thr 


Asp 


Asn 


Glu 


He 


Lys Asn 


Tyr Trp 


Asn 


Thr 


His 






35 










40 








45 




Thr 




Arg 


Lys 


Arg 


Leu 


Leu 


Lys 


Met 


Gly 


He Asp 


Pro 


Val 


Thr 


His 


Pro 


50 










55 








60 






He 




Arg 
65 


Leu 


Asp 


Leu 


Leu 


Asp 
70 


He 


Ser 


Ser He 


Leu 
75 


Ser 


Ser 


Ser 


Tyr 
80 


Asn 


Ser 


Ser 


His 


His 


His 


His 


His 


His His 


Gin 


Gin 


His 


Met 


Asn 


Met 








85 








90 










95 




Ser 


Arg 


Leu 


Met 


Met 


Ser 


Asp 


Gly Asn His 


Gin 


Pro 


Leu 


Val 


Asn 


Pro 



4 
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1 CiCi 










105 


Glu 


lie 


Leu Lys 


Leu 


Asn 


Leu 


Ser 


Leu 






lie: 








120 




Asn 


Asn 


I I1X nib 


Glu 


Asn 


Asn 


Thr 


Val 




1 _>u 








135 






Tyr 


bin 




Tyr 


Asn 


Met 


Pro 


Glv 


14b 








150 








Phe 


Pro 


llc WcL 


Asp Gin 


Phe 


Thr 


Asn 








165 










Lys 


i nr 


TVi-r \7a1 

1 I1X V cX JL 


Gin 


Asn 


Ser 


Leu 


Ser 




180 










185 


ber 


Asn 


"DVi o \7a 1 
JrlltS vai 


Leu 


Glu 


Pro Tyr 


Tyr 






i j ^> 








200 




Thr 


Thr 


Pro Ser 


Ser 


Ser 


Pro 


Thr 


Pro 




210 








215 






Tyr 


lie 


Asn Ser 


Ser 


Thr 


Cys 


Ser 


Thr 


225 








230 








Tyr 


Ser 


Asp Asn 


lie 


Thr 


Asn 


Tyr 


Ser 






245 










Gin 


Phe 


Gin 
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110 



Phe 


Ser Asn Gin 


Asn 


His 


Pro 




125 








Asn 


Gin Thr Glu 


Val 


Asn 


Gin 




140 








Asn 


Glu Glu Leu 


Gin 


Ser 


Trp 




155 






160 


Phe 


Gin Asp Leu 


Met 


Pro 


Met 


170 






175 




Tyr 


Asp Asp Asp 


Cys 


Ser 


Lys 






190 






Ser 


Asp Phe Ala 


Ser 


Val 


Leu 




205 








Leu 


Asn Ser Ser 


Ser 


Ser 


Thr 




220 








Glu 


Asp Glu Lys 


Glu 


Ser 


Tyr 




235 






240 


Phe 


Asp Val Asn 


Gly 


Phe 


Leu 


250 






255 





<210> 5 

<211> 933 

<212> DNA 

<213> Plant 



<400> 5 

ccacgcgtcc gtacctttta caatttgttt 
ggagggttcg tccaaagggc tgegaaaagg 
gagacagtgc attaataagt atggagaagg 
getaaacegg tgcaggaaaa gttgtagatt 
caagagagga aaacttagct ctgatgaagt 
tctagggaat aggtggtctt taattgcttt 
cgtcaagaat tactggaaca ctcatctgag 
gatgaaaaag agagacatta cgcccattcc 
taagectega cctcgatcct tcacagttaa 
aaaagttgac gttaatcctc catgecttgg 
gtatcatata caacaaagat aagaagaaag 
ataatatgtg gttagagaaa ttcctaagga 
agegacgaca acagaaaagg gggacacctt 
tttcgatgga gagactgtga aatttgatta 
taggtttget ttcacctttt aatttgtgtg 
tttttaatga aatatttcaa gtttccgtgt 



atatatttta egtatctate tttgttccat 60 
tgcttggact actgaagaag atagtctctt 120 
caaatggcac caagttcctg taagagctgg 18 0 
aagatggttg aactatttga agecaagtat 24 0 
tttcgatctt cttcttcgcc ttcataggct 300 
tggaagatta cctggtcgga ccgcaaatga 360 
taagaaacat gaaccgtgtt gtaagataaa 420 
tacaacaccg gcactaaaaa acaatgttta 480 
caacgactgc aaccatctca atgccccacc 54 0 
acttaacatc aattaatgtt tgtgacaata 600 
accaactagt gaataatttg attgatggag 660 
aagecaagag gtagatattt tggttccgga 720 
ggcttttgac gttgatcaac tttggagtct 780 
gtgtttcgaa catttgtttg cgtttgtgta 840 
ttttgataaa taagctaata gtttttagca 900 



<210> 6 
<211> 211 
<212> PRT 
<213> Plant 



<400> 6 














Met Glu 


Gly 


Ser 


Ser 
5 


Lys 


Gly 


Leu 


1 

Glu Asp 


Ser 


Leu 


Leu 


Arg 


Gin 


Cys 




20 










Trp His 


Gin 


Val 


Pro 


Val 


Arg 


Ala 


35 










40 


Cys Arg 


Leu 


Arg 


Trp 


Leu Asn Tyr 


50 










55 




Lys Leu 


Ser 


Ser 


Asp 


Glu 


Val 


Asp 


65 








70 






Leu Gly Asn 


Arg 


Trp 


Ser 


Leu 


lie 



Arg 


Lys 


Gly Ala Trp Thr Thr 


Glu 


10 


15 




lie 


Asn 


Lys Tyr Gly Glu Gly Lys 


25 




30 




Gly 


Leu 


Asn Arg Cys Arg Lys 


Ser 




45 




Leu 


Lys 


Pro Ser lie Lys Arg 


Gly 




60 




Leu 


Leu 


Leu Arg Leu His Arg 


Leu 






75 


80 


Ala 


Gly 


Arg Leu Pro Gly Arg 


Thr 
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85 90 95 

Ala Asn Asp val Lys Asn Tyr Trp Asn Thr His Leu Ser Lys Lys His 

100 105 
Glu Pro Cys Cys Lys lie Lys Met Lys Lys Arg Asp lie Thr Pro lie 

115 120 125 

Pro Thr Thr Pro Ala Leu Lys Asn Asn Val Tyr Lys Pro Arg Pro Arg 



ill Asp val Asn Pro Pro Cys Leu Gly Leu Asn He Asn Asn Val Cys 



130 1^5 1^0 

Ser Phe Thr Val Asn Asn Asp Cys Asn His Leu Asn Ala Pro Pro Lys 

150 155 

■ Val Asn Pro Pro Cys Leu Gly Leu Asn He 
165 170 

t Ser His Tyr Asn Lys Asp Lys Lys Lys Asp 
180 185 

■ He Asp Gly Asp Asn Met Trp Leu Glu Lys 
195 200 205 



170 175 



Asp Asn Ser His Tyr Asn Lys Asp Lys Lys Lys Asp Gin Leu Val Asn 

180 x85 190 

Asn Leu lie Asp Gly Asp Asn Met Trp Leu Glu Lys Phe Leu Arg Lys 



Ala Lys Arg 
210 



<210> 7 
<211> 1043 
<212> DNA 
<213> Plant 

<220> 
<221> CDS 

<222> (113) . - - (862) 
<400> 7 



olcQacccac gcgtccgtgg gaagccacaa taacccccta ttcctcggcc ttttttaaaa 60 
aagttttaga ?Satc?4? aaaatacttt tatattaatt tttctttggt cc atg gag 118 

i 



aat tec, tec aaa ggg ttg agg aaa ggt gca tgg act get gaa gaa gat 
Ify sir Ser Lys lly Leu Arg Lys Gly Ala Trp Thr Ala Glu Glu Asp 
5 10 15 



act etc ttg agg eta tgt att gat aag tat gga gaa ggc aaa tgg cat 
Hr Leu Leu Arg Leu Cys lie Asp Lys Tyr Gly Glu Gly Lys Trp H 1S 
20 25 30 

rsa err cct ttg aga get ggg eta aat cga tgc aga aag agt tgt aga 
Gin vll fro x"u Arg Ala Sly Leu Asn Arg Cys Arg Lys Ser Cys Arg 
35 40 45 ^ u 

eta aga tgg ttg aac tat ttg aag cca agt ate aag aga gga aga ctt 
Leu Arg Trp Leu Asn Tyr Leu Lys Pro Ser lie Lys Arg Gly Arg Leu 
55 60 65 

aac aat gat gaa gtt gat ctt ctt ctt cgc ctt cat aag ctt eta gga 
Sir Asn Asp llu val Isp Leu Leu Leu Arg Leu His Lys Leu Leu Gly 
70 75 80 

aat agg tgg tec ttg att get ggt cga ttg cct ggt egg ace get aat 
Asn Arg Trp Ser Leu He Ala Gly Arg Leu Pro Gly Arg Thr Ala Asn 
85 90 95 

gat gte aaa aat tae tgg aac ace cat ctg agt aaa aaa cat gag tct. 
Asp val Lys Asn Tyr Trp Asn Thr His Leu Ser Lys Lys His Glu Ser 
100 105 HO 

teg tgt tgt aag tct aaa atg aaa aag aaa aac att att tec cct cct 



166 



214 



262 



310 



358 



406 



454 



502 
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Ser Cys Cys Lys Ser Lys Met Lys Lys Lys Asn He lie Ser Pro Pro 
215 120 123 



aca aca ccg gtc caa aaa ate ggt gtt ttt aag cct cga cct cga tec 
Thr Thr Pro Val Gin Lys lie Gly Val Phe Lys Pro Arg Pro Arg Ser 
135 140 

— r- rrt art aac aat QQt tgc age cat etc aat ggt ctg cca gaa gtt 
^ne Ser vll Asn Sn gy Cys Ser His Leu Asn Gly Leu Pro Glu Val 
150 I 55 160 

rfa art cct tea tgc ctt gga etc aag aaa aat aat gtt tgt gaa 
£p III III Pro sir Cys Leu gy Leu Lys Lys Asn Asn Val Cys Glu 
165 170 175 

aat aqt ate aca tgt aac aaa gat gat gag aaa gat gat ttt gtg aat 
I S n sir lie Thr Cys Asn Lys Asp Asp Glu Lys Asp Asp Phe Val Asn 
180 185 19° 

aat eta atg aat gga gat aat atg tgg ttg gag aat tta ctg ggg gaa 
Asn llu Me? Asn Sly Asp Asn Met Trp Leu Glu Asn Leu Leu Gly Glu 

IrtA ? OR Z -L V 



215 



220 225 



550 



598 



646 



694 



74 2 



790 



838 



aaa arc act ctq qcg ttt gac gtt gag caa ctt tgg agt ctg ttt cat 
ITy Til Thr Leu III Phe Lp Val Glu Gin Leu Trp Ser Leu Phe Hrs 
y 230 235 240 

gga gag act gtt gaa ctt gat tag tgtttctcac cgtttgttta agattgtggg 892 
Gly Glu Thr Val Glu Leu Asp * 

245 * 

taacttttct ttcgtatttt agtaatgtat ttttctgtat gaagtaaaga atttcagcat 952 
t?taagaaaa atglttatgc t^ctaegtaa taaaaaaaaa cgttatttat aaaaaaaaaa 1012 
aaaaaaaaaa aaaaaaaaaa agggeggecg c 

<210> 8 
<211> 249 
<212> PRT 
<213> Plant 

^?°Glu Gly Ser Ser Lys Gly Leu Arg Lys Gly Ala Trp Thr Ala Glu 

clu Asp Ser Leu Leu Arg Leu Cys He Asp Lys Tyr Gly Glu Gly Lys 

20 2 ^ 30 

Trp His Gin Val Pro Leu Arg Ala Gly Leu Asn Arg Cys Arg Lys Ser 

35 40 45 

Cys Arg Leu Arg Trp Leu Asn Tyr Leu Lys Pro Ser lie Lys Arg Gly 

50 55 60 

Arg Leu Ser Asn Asp Glu Val Asp Leu Leu Leu Arg Leu His Lys Leu 

Leu Gly Asn Arg Trp Ser Leu He Ala Gly Arg Leu Pro Gly Arg Thr 

85 90 . 

Ala Asn Asp Val Lys Asn Tyr Trp Asn Thr His Leu Ser Lys Lys His 

100 1° 5 
Glu Ser Ser Cys Cys Lys Ser Lys Met Lys Lys Lys Asn lie lie Ser 

115 120 125 

Pro Pro Thr Thr Pro Val Gin Lys lie Gly Val Phe Lys Pro Arg Pro 
130 135 140 
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Arg Ser Phe Ser Val Asn Asn Gly Cys Ser His Leu Asn Gly Leu Pro 
145 150 1*5 160 

Glu Val Asp Leu lie Pro Ser Cys Leu Gly Leu Lys Lys Asn Asn Val 

165 170 175 

Cvs Glu Asn Ser lie Thr Cys Asn Lys Asp Asp Glu Lys Asp Asp Phe 

180 185 190 

Val Asn Asn Leu Met Asn Gly Asp Asn Met Trp Leu Glu Asn Leu Leu 

195 200 205 

Glv Glu Asn Gin Glu Ala Asp Ala He Val Pro Glu Ala Thr Thr Ala 

210 215 220 

Glu His Gly Ala Thr Leu Ala Phe Asp Val Glu Gin Leu Trp Ser Leu 
225 230 235 240 

Phe His Gly Glu Thr Val Glu Leu Asp 
245 



<210> 9 
<211> 9 
<212> DNA 
<213> Plant 

<400> 9 
yacgttccg 

<210> 10 
<211> 6 
<212> DNA 
<213> Plant 

<220> 

<221> misc_feature 
<222> (1) . - - (6) 
<223> n = A,T,C or G 

<400> 10 
canntg 

<210> 11 
<211> 6 
<212> DNA 
<213> Plant 

<400> 11 
yaacyu 

<210> 12 
<211> 9 
<212> DNA 
<213> Plant 

<400> 12 
taccgacat 

<210> 13 
<211> 16 
<212> DNA 
<213> Plant 

<400> 13 

gaattcgtcg acaagc 
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